Improved Safety of Infant Weaning Foods Through Lactic Acid Fermentation. by Yusof, Rokiah Binti Mohd.
IMPROVED SAFETY OF INFANT WEANING FOODS 
THROUGH LACTIC ACID FERMENTATION
By
ROKIAH BI'NTI MOHD. YUSOF 
School of Biological Sciences 
University of Surrey
A thesis submitted in fulfilment of the degree of 
Doctor of Phi 1osophy (Ph .D)
- August, 1993 -
ProQuest Number: 11012651
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
uest
ProQuest 11012651
Published by ProQuest LLC(2018). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode
Microform Edition © ProQuest LLC.
ProQuest LLC.
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106- 1346
ROKIAH BINTI MOHD. YUSOF
ABSTRACT
The potential for lactic acid fermentation to improve 
the safety of infant weaning foods has been investigated 
using a model rice based food. The growth and survival of 
diarrhoeal-causing pathogens ( E. col i, Salmonel1 a 
typhimurium, Shigella sonnei and Staphylococcus aureus) in 
unfermented, fermenting and prefermented porridge were 
studied. Saccharification of rice porridge with diastatic 
malt extract and ragi was found to be essential to ensure 
a good lactic fermentation. Results indicated that the 
pathogens grew wel 1 i n unfermented porridge. Cofermentation 
of pathogen with lactic acid bacteria adversely affected 
growth of the pathogen but this was marked only when the 
lactic acid bacteria was numerically dominant. 
Prefermentation produced a lethal effect on the pathogen 
and showed greatest promise as a technique to improve 
safety. The inhibition of the pathogens was found to be 
solely due to the acid production during fermentation. The 
most effective starter organisms were the Lb. plantarum 
followed by Lb. bavaricus as compared with Lc. lactis. 
However, Lb. plantarum produced large amounts of the D(-) 
isomer of lactic acid which is less well metabolised in 
humans and if used for infant feeding, might lead to 
acidosis. Even though Lc. lactis produced bacteriocin-nisin 
during fermentation, it did not contribute appreciably to 
inhibition of the tested pathogens. Recycling the fermented 
porridge was found to be the successful way of applying the 
fermentation technique in developing countries.
TABLE OF CONTENTS
ABSTRACT..           . i
TABLE OF CONTENTS.  .................   ii
LIST OF TABLES.  .........    vi i
LIST OF FIGURES......... ................ ............... ...xii
ACKNOWLEDGEMENTS. .........    xv
CHAPTER 1
1 .0 Introducti o n  ......... . . ........ . . 1
1.1 Definitions of Diarrhoea........    3
1.2 Global Distribution of Diarrhoea! Diseases......... 4
1.3 Microbial Agents that Cause Diarrhoea................7
1.4 Transmission Mechanisms..............  13
1.5 Pathogenisis of Diarrhoea..........................16
1.5.1 Defective absorption of solutes. ..... 16
1.5.2 Increased secretion of solutes............... 18
1.5.3 Structural abnormalities in the intestine..18
1.5.4 Altered intestinal motility................ 19
1.6 Nutritional Impact of Diarrhoea..................... 25
1.6.1 Food i ntake...  .............. . . 25
1.6.2 Absorpti on .  .............  28
1.6.3 Metabol i s m .......       29
1 .6.4 Di rect 1 oss   ■ • • ■ • ■ ............... 30
1.7 Control of Diarrhoea Diseases.......................31
1.8 Weaning Foods and Diarrhoea! Diseases.............. 33
1 .8.1 Weani ng foods................     33
1.8.2 Preparation of weaning foods................34
1.8.3 Contamination of weaning foods.......... ....35
1.8.4 Weanling diarrhoea: seasonality............ 37
1.8.5 Cultural differences in infant feeding.....40
1.8.6 Nutritional adequacy of weaning foods...... 40
1.8.7 Fermented weaning foods..  ........41
CHAPTER 2
2.0 Lactic Acid Bacteria And Food Fermentation........ 46
2.1 Lactic Acid Bacteria -General Characteristic.....46
2.1.1 Homo- and heterofermentati v e .......  ........49
2.2 Lactic Acid Fermentation.........     51
2.3 Advantages of Lactic Acid Fermentation....... 53
2.3.1 Improved taste and acceptability........... .53
2.3.2 Reduction in viscosity....................... .54
2.3.3 Improved nutritional properties..............54
2.3.3.1 Changes in proteins and amino
acids....... 55
2. 3. 3. 2 Changes in carbohydrates............ 56
2. 3. 3. 3 Changes in lipids.....................57
2. 3. 3. 4 Changes in minerals.................. 58
2. 3. 3. 5 Changes in vitamins............  59
2.3.4 Antimicrobial properties......................61
2.3.4.1 Low pH and production of organic 
aci d s .  ..........  61
2.3.4.2 Hydrogen peroxide........   ..64
i i
2.3.4. 3 Di acetyl................ .............65
2.3.4.4 Bacteriocins........................66
2.4 Disadvantages - Lactic Acid Acidosis ? ..............67
2.5 Aims of the Project......  ........70
CHAPTER 3
3.0 General Materials and Methods......... . ......... ...71
3.1 Microbiological Methods........  ........71
3.1.1 Microbial cultures.......     ....71
3.1.1.1 Pathogenic bacteria..........   71
3.1.1.2 Lacti c aci d bacteri a (LAB)........71
3.1.2 Overnight Broth Culture.......................72
3.1.3 Preparation of Diastatic Malt Extract(DME).72
3.1.4 Preparation of Ragi ............  73
3.1.5 Preparation of Rice Porridge  ...... ...73
3.1.6 Preparation of Prefermented Rice Porridge..74
3.1.7 Enumeration........................  .74
3 . 2 Chemi cal Methods .     . .    75
3.2.1 pH ...... .......... ............ . .  .......  .75
3.2.2 Titratable acidity........     ......75
3.2.3 Determination of D/L-lactic acid, D-Glucose,
and Ethanol using enzyme assay.............. 75
3.2.4 Determination of reducing sugars in 
porridge using Dinitrosalicyclic acid
assay (DNS).................    76
3. 3 Experimental Protocols.      77
3.3.1 Determination of the growth of diarrhoea- 
genic pathogens and lactic acid bacteria... 77
3.3.2 Determination of the inhibitory effects of 
lactic acid bacteria on the growth of
di arrhoeageni c pathogens............  77
3.3.3 Determination of the growth of pathogens 
in acidified rice porridge at different pH
1 eve! s  .....       77
3.3.4 Determination of the growth of pathogens
in acidified + nisin rice porridge...... .78
3.3.5 Determination of the concentration of
nisin in prefermented porridge using ELISA 
method.........     78
3.3.5.1 Materials and methods ....  ......... 78
3.3.5.2 Preparation of prefermented 
porridge samples for nisin
anal ysi s .       . . 79
3.3.5.3 Preparation of nisin extract from 
prefermented porridge............. ..79
3.3.5.4 ELISA procedure. .  ...................80
3.4 Statistical Analysis...................    81
CHAPTER 4
4.0 Fermentation Studies.................................82
4.1 Materials and Methods............  82
4.2 Results and Discussion...................... ...82
4.2.1 Microbiology of raw rice  ............... 82
4.2.2 Microbiology of rice porridge.......  82
i i i
4.2.3 Growth of pathogens and lactic acid 
bacteria (LAB) in plain rice porridge 
(without diastatic malt extract - DME)..... 83
4.2.4 Growth of pathogens and LAB in rice porridge 
with added diastatic malt extract (DME)....88
4.2.5 Inhibitory effects of lactic acid bacteria
on the growth of pathogens................. 92
4.2.6 Inhibitory effects of different 
concentrations of lactic acid bacteria on 
the growth of E. col i.................. 100
4.2.7 Inhibitory effects of lactic acid bacteria 
on the growth of different concentration
of E. coli..........    .110
4.2.8 Inhibitory effects of 2 mixed culture of
LAB on the growth of E. coli.......... .....115
4.2.9 Growth of E.coli in acidified rice
porri dge.  ..........    116
4.2.10 Stereoisomers of lactic acid produced 
during f ermentat i on  ........... 119
4.2.11 Changes in pH and total acidity of rice 
porridge inoculated with different
L-lactate produci ng LAB.............  .120
4.2.12 Inhibitory effects of different L-lactate 
producing LAB on the growth of E. coli at 
a higher and lower concentration of 
pathogen . .  ......... ......... 125
4.2.13 Inhibitory effects of Lb. bavaricus on
the growth of pathogens...... ........128
CHAPTER 5
5.0 Prefermentation Studies (Using DME + LAB).........131
5.1 Introducti on ............       . . . .... 1 31
5.2 Materials and methods  ........... ....131
5.3 Results and Discussion........   ..131
5.3.1 Growth and survival of different 
concentration of E.coli in prefermented
rice porridge with Lc. lactis + DME...... 131
5.3.2 Growth and survival of Gram-negative 
pathogens in prefermented rice porridge
with Lc. lactis + DME... ....... 1 32
5.3.3 Growth and survival of Gram-positive 
pathogens in prefermented rice porridge
with Lc. lactis + DME...................... 137
5.3.4 Role of nisin in bacteria inhibition by 
prefermented porridge with Lc. lactis +
DME...........     137
5.3.5 Growth and survival of E. co/7 in 
prefermented rice porridge with different
L-l actate producing LAB + DME.............. 143
5.3.6 Growth and survival of pathogens in 
prefermented rice porridge with
Lb. bavaricus + DME.......................... 146
5.3.7 Effects of heating and pH adjusted of 
prefermented porridge with Lc. lactis
+ DME on the growth of E. coli............. 149
i v
5.3.8 Survival of Lc. lactis inoculum in
recycle fermented rice porridge. ....... ..152
CHAPTER 6
6.0 Prefermentation Studies (Using Ragi + LAB).. 157
6 .1 Introducti on ......... • •  ..........   1 57
6.1.1 Production of ragi.........................157
6.1.2 Microbiology and Biochemistry....... .158
6.2 Materi al s and Methods................ . . . ... ....... 159
6.3 Results and Discussion ......................... ...159
6.3.1 Microflora of ragi.......................... 159
6.3.2 Changes in pH and acidity of porri dge 
fermented with ddifferent amount of ragi..160
6.3.3 Growth and survival of £. co7f in . 
prefermented porridge with different 
amount of ragi  .............161
6.3.4 Growth and survival of other pathogens in 
prefermented porridge with ragi........... 162
6.3.5 Growth and survival of pathogens in 
prefermented porridge with ragi +
Lc. lactis..  ...... . . .  ......  .167
6.3.6 Growth and survival of pathogens in 
prefermented porridge with ragi +
Lb. bavaricus. ........................... .167
6.3.7 Comparison between the survival of the 
pathogen in ragi, ragi .+ Lc. lactis, and 
ragi + Lb. bavaricus prefermented
porridge...................  ......168
6.3.8 Concentration of D-glucose, ethanol and 
D/L lactic acid in porridge prefermented 
with ragi, DME, ragi + Lc. lactis, DME +
Lc. lactis, ragi + Lb. bavaricus, and DME+
Lb. bavaricus  ........................174
6.3.9 Concentration of molds, yeasts and lactic 
acid bacteria in ragi fermented porridge..175
CHAPTER 7
7.0 An Observational Study of Diarrhoeal Disease
in Kuala Lumpur, Malaysia.........................178
7.1 Introducti o n .   ........ ................ 178
7.1.1 Malaysia as a nation.......................178
7.1.2 Diarrhoeal diseases in Malaysia........... 180
7.1.3 An observational study of diarrhoeal 
disease in Malaysia..  .................184
7.1.4 The aims of the study were to:.............. 184
7.2 Materials and Methods................................ 185
7.2.2 Background informations.......  185
7.2.3 Food samples ................... 185
7.2.4 Stools samples.......................   ..186
7.2.5 Socio-economic status of the parents .186
7.2.6 Anthropometri c measurements................. 187
7.3 Results  ..........    188
7.3.1 Background of patients..........    188
7.3.2 Food analysis..........................  191
v
7.3.3 Stools analysis........   ...193
7.3.4 Health history...... ...................... 194
7.3.5 Health practices at home....................194
7.3.6 Feeding practices during diarrhoea........ 195
7.3.7 Socio-economic status of the parents...... 196
7.3.8 Nutri ti onal practi ces  ..... 198
7.3.8.1 Breastfeeding practices........... 198
7.3.8.2 Supplement feeding.................201
7.3.9 Nutritional status of children. ......202
7.3.10 House conditions and environmental 
sanitation................. ...............205
7.4 Di scussi on................. ............ .......... 207
CHAPTER 8
8.0 Concl usi ons .  ....    217
APPENDICES............................................... 222
Appendix 1 ............................................. 222
Flow Chart for Unfermented Porridge
Appendix 2 ............................................. 223
Flow Chart for Fermented Porridge
Appendix 3 ................. 224
Flow Chart for Prefermented Porridge
Appendix 4 ............................................. 225
Flow Chart for Experiment on Effect of Heating 
and pH in Porridge
Appendix 5 ............................................. 226
Principles of Enzyme Assay
Appendix 6 ............................................. 228
Analysis of Rice Porridge plus DME by DNS Assay
Appendix 7.............................................229
Formulation of Media Use for Enumeration of 
Moulds and Yeast
Appendix 8 .............................................230
Nisin Standard Curve
Appendix 9 ............................................. 231
Result of Nisin Analysis by ELISA Method
Appendix 10............................................232
Distribution of Age, Sex, Weight and Height 
of Diarrhoea Children
Appendix 11............................................234
Questionnaires for Observational Study 
in Malaysia
BIBLIOGRAPHY............................................. 247
PUBLICATIONS Back Page
LIST OF TABLES
Table 1.1 Global and regional population in 1980 
and estimated number (millions) and 
distribution of the diarrhoeal diseases...... 5
Tab! e 1.2 Summary of the agents prevalence in
various studies in different countries...... 12
Table 1.3 Percentage of weaning foods hazardously
contaminated, by season (ICMSF, 1974)....... 39
Table 2.1 Differentiation of the principal genera of
lactic acid bacteria..........   47
Table 4.1 Microbiolgy of rice porridge incubated
for 24 h at 30°C.............. ....... ... .83
Table 4.2 Growth of pathogens in rice porridge 
without diastatic malt extract (DME) 
for 24 h at 30°C. ......  ________ ........84
Table 4.3 Growth of LAB in rice porridge without 
and with diastatic malt extract (DME) 
for 24 h at 30°C. ......___ ..........._____   .87
Table 4.4 Growth of pathogens in rice porridge 
with diastatic malt extract (DME) 
for 24 h at 30°C. . ....   . .     ... .89
Table 4.5 Changes in growth rate of pathogens and 
lactic acid bacteria and changes in pH 
of porridge without DME and with D M E ........89
Table 4.6 Inhibitory effects of Lc. lactis on the 
growth of E. coli at equal concentration 
for 24 h at 30°C. . . . . ....... .  ____ _ ___ .... .93
Table 4.7 Decreased in number of pathogen (E. coli)
when higher inoculum of lactic acid bacteria 
(Lc. lactis) was used for 24 h at 30°C......93
Table 4.8 Inhibitory effect of higher inoculum of
Lc. lactis on the growth of pathogens in
fermented rice porridge for 24 h at 30°C....94
Table 4.9 Inhibitory effect of Lc. lactis on the
growth of E. coli at different concentration
of Lc. lactis for 24 h at 30°C............... 102
Table 4.10 Inhibitory effect of Leuc. mesenteroides on 
the growth of E. coli at different 
concentration of Leuc. mesenteroides 
for 24 h at 30°C. ........  .........   ..103
Table 4.11 Inhibitory effect of Lb. plantarum on 
the growth of E. coli at different 
concentration of Lb. piantarum 
for 24 h at 30°C. ... . . . . . .  .........   104
Table 4.12 Changes in pH of rice porridge inoculated
with different cultures of mixed culture of 
Lb. plantarum + E. coli for 24 h at 30°C...104
Table 4.13 Inhibitory effect of Lb. plantarum on 
the growth of E. coli at different
concentration of E. coli for 24 h at 30°C. .110
Table 4.14 Inhibitory effect of Lc. lactis on 
the growth of E. coli at different
concentration of E. coli for 24 h at 30°C. .111
Table 4.15 Inhibitory effect of Leuc. mesenteroides on 
the growth of E. coli at different
concentration of E. coli for 24 h at 30°C. .111
Table 4.16 Inhibitory effect of mixed culture of 2 LAB 
on the growth of E. coli in fermented
porridge for 24 h at 30°C........ ..........116
Table 4.17 Growth of E. coli in"acidified porridge with 
1acti c aci d at di fferent pH 1evels 
for 24 h at 30°C..... ......................117
Table 4.18 Stereoisomers of D and L-lactate in porridge 
inoculated with mixed culture of LAB and 
E. coli for 24 h at 30°C. .......  ...... ,...120
Table 4.19 Changes in pH and % acidity of rice porridge 
fermented with L-lactate producing LAB and 
Lb. plantarum (control) for 24 h at 30°C...122
Table 4.20 Inhibitory effect of different L-lactate 
producing LAB on the growth of E. coli at 
a higher and lower concentration for 24 h 
at 30°C.  .....       126
Table 4.21 Inhibitory effect of Lb. bavaricus on
the growth of pathogens for 24 h at 30°C...129
Table 5.1 Growth and survival of different
concentration of E. coli in prefermented
rice porridge for 24 h at 30°C. ..............133
Table 5.2 Growth and survival of Gram-negative
pathogens in prefermented rice porridge
for 24 h at 30°C..........    .   134
Table 5.3 Growth and survival of Gram-positive
pathogens in prefermented rice porridge
for 24 h at 30°C. .......................... 138
Table 5.4 Concentration of nisin in prefermented 
porridge with Lc. lactis + DME for 24 h 
at 30°C . ....  .....   ....... .... ....... . . 141
Table 5.5 Effects of acidified and acidified plus
nisin porridge on the growth and survival 
of pathogens for 24 h at 30°C. .......  ..... 141
Table 5.6 Growth and survival of E. coli in
prefermented porridge with different 
L-lactate producing LAB for 24 h at 30°C...144
Table 5.7 Survival of pathogens in prefermented 
porridge with DME + Lb. bavaricus 
for 24 h at 30°C. ..... . ........ ...____ .....147
Table 5.8 Effect of heating and pH on the growth 
and survival of E. coli in prefermented 
rice porridge with DME + Lc. lactis 
for 24 h at 30°C. . . . .... .  ____ .............150
Table 5.9 Survival of Lc. lactis in recycle
fermented porridge for 10 days at 30°C.....153
Table 5.10 Growth of Lb. plantarum prefermented
porridge with ic. lactis for 24 h at 30°C..154
Table 6.1 Some examples of the types of ragi, it uses
and the country its originated from........158
Table 6.2 Changes in pH and acidity of porridge
fermented with different amount of ragi
for 24 h of incubation at 30°C. ............ 161
Table 6.3 Survival of E. coli in porridge
prefermented with different amount of
ragi for 24 h at 30°C. ......  ..... ........163
Table 6.4 The survival of pathogens in prefermented
porridge with ragi for 24 h at 30°C. ....... 164
Table 6.5 Growth and survival of pathogens in
prefermented porridge with ragi + Lc. 
lactis for 24 h at 30°C. ........  ........... 169
Table 6.6 Growth and survival of pathogens in
prefermented porridge with ragi + Lb. 
bavaricus for 24 h at 30°C. .  .............. ..170
i x
Table 6.7 Comparison between the survival of the
pathogens in ragi, ragi + Lc. lactis, and
ragi + Lb. bavaricus fermented porridge
for 24 h at 30°C...........................171
Table 6.8 Concentration of D-glucose, ethanol and
D/L-lactate in fermented porridge 
for 24 h at 30°C. . ... . ... ... ...... . . . ....... 1 76
Table 6.9 Concentration of moulds, yeasts and lactic
acid bacteria in ragi fermented porridge 
for 24 h at 30°C........................... 177
Table 7.1 Incidence and mortality rate of diarrhoeal
diseases per 100,000 population for 1990 
in Malaysia.............. ..................183
Table 7.2 Distribution of the age group of
the chi 1dren............................... 188
Tabl e 7. 3 The ethni c groups of the chi 1 dren..... ....... 189
Table 7.4 The birth weight of the chiIdren........... 189
Table 7.5 Reasons given for the child's admission
to the hospital ..................    ..... 190
Table 7.6 Number of food samples collected
for analysi s   ....... ....... ........... 191
Table 7.7 Concentration of bacteria in food samples..192
Table 7.8 The occurance of bacteria agents in the
stools sampl es ..............  ........193
Table 7.9 Some of the illnesses most reported
contacted by the children within 30 days 
prior to the admission to the hospital 194
Table 7.10 Age distribution of the parents............196
Table 7.11 Education levels of the parents............196
Table 7.12 Occupation of the parents.................. 197
Tab!e 7.13 The total fami1y i ncome per month .......... 197
Table 7.14 Number of family members in a family
at the time of the study....... 198
Table 7.15 Duration of breastfeeding practices  .......199
Table 7.16 Reasons given for mixing breast milk with
bottle milk..........     200
x
Tab! e--7.17' Age. of ■ children received supplement
feeding...................  201
Tab!e 7.18 Types of houses....■•■••••••■*•••■•••......205
LIST OF FIGURES
Fig. 1.1 Hospitalization for childhood diarrhoea
by regi on of the USA and by month.......... 10
Fig. 1.2 Diarrhoea mechanism.        ...... .... 17
Fig. 1.3 Proposed mechanism of cholera toxin and
LT a c t i o n ......... ... . . . ... . . ........ ... .21
Fig. 1.4 Nutritional impact of diarrhoea disease....26
Fig. 1.5 Weanling diarrhoea: seasonality............38
Fig. 2.1 The fermentation of glucose in homo-
fermentative and heterofermentative lactic 
acid bacteria..............................50
Fig. 2.2 Mechanisms of hydrogen peroxide generation
by lactic acid bacteria (Daeschel, 1989)...64
Fig. 4.1 Growth of pathogens in rice porridge
without DME................................85
Fig. 4.2 Growth of Tactic acid bacteria in rice
porridge without DME......... ....... .......86
Fig. 4.3 Growth of pathogens in rice porridge
with DME.  ...... ....90
Fig. 4.4 Growth of lactic acid bacteria in rice
porridge with DME ........................ 91
Fig. 4.5 Inhibitory effect of Lc. lactis on the
growth of E. col i at equal cone   . . ... .95
Fig. 4.6 Inhibitory effect of higher inoculum of
Lc. lactis on the growth of E. coli........96
Fig. 4.7 Inhibitory effect of higher inoculum of
Lc. lactis on the growth of
S. typhimuriurn.............................97
Fig. 4.8 Inhibitory effect of higher inoculum of
Lc. lactis on the growth of S. sonnei......98
Fig. 4.9 Inhibitory effect of higher inoculum of
Lc. lactis on the growth of S. aureus....... 99
Fig. 4.10 Inhibitory effect of Lc. lactis on the
growth of E. coli at different cone, of
Lc. lactis.................................... 105
xi i
Fig. 4.11 Inhibitory effect of L. mesenteroides on 
the growth of E. coli at different conc. 
of L. mesenteroi des. ...................... 106
Fig. 4.12 Inhibitory effect of Lb. plantarum on
the growth of E. coli at different conc.
of Lb. piantarum. . ........... . . . . . . . . ..... 1 07
Fig. 4.13 E. coli inhibition on co-culture with
lactic acid bacteria .....................108
Fig. 4.14 Changes in pH of rice porridge inoculated 
with different conc. of mixed culture of 
Lb . pi ant. and E. coli.................... 109
Fig. 4.15 Inhibitory effect of Lb. plantarum on
the growth of E. coli at different conc.
of E. coli. . . . . ■ • • • ■ .... ■ • ■ ■ • • . ...... ... .... 112
Fig. 4.16 Inhibitory effect of Lc. lactis on
the growth of E. coli at different conc.
of E. coli..... ... . . . .... . . ... .... . . . . ... .113
Fig. 4.17 Inhibitory effect of L. mesen. on
the growth of E. coli at different conc. 
of E. co 1 i. ... . . . . . . ... ..... . . . . . . . .... . . .114
Fig. 4.18 Growth of E. coli in acidified porridge
with DME at different pH 1evels........... 118
Fig. 4.19 Conc. of D/Llactate in porridge
inoculated with mixed culture of lactic 
acid bacteria and E. coli......... ....... .123
Fig. 4.20 Percentage lactate produced in the 
fermented porri dge by L-lactate 
produci ng LAB. . .... ... . . ... . . . . . . . . . . . . . . . .124
Fig. 4.21 Growth of E. coli at higher and lower 
concentration with different L-lactate 
LAB...... ................. . . .. ...... .... ..127
Fig. 4.22 Inhibitory effect of Lb. bavaricus on
the growth of pathogens. ........ ..........130
Fig. 5.1 Survival of different concentration of 
E. coli in prefermented porridge with 
DME and Lc. lactis  ......... . 1 35
Fig. 5.2 Survival of Gram negative pathogens
in prefermented porridge with DME and
Lc. lactis ...............  ..........  136
Fig. 5.3 Survival of Gram positive pathogens
in prefermented porridge with DME and
Lc. l a c t i s ........   . .  .......1 39
xi i i
Fig. 5
Fig. 5
Fig. 5 
Fig. 5
Fig. 5
Fig. 5
Fi g . 6
Fig. 6
Fig . 6
Fig. 6
Fig. 7 
Fig. 7 
Fig. 7.
Fig. 7. 
Fig. 7.
.4 Growth and survival of pathogens in 
acidified and acidified plus nisin 
porri dge ... ................ ............ 142
.5 Growth and survival of E. coli in
prefermented porridge with different 
L-lactate producing LAB....... .... ..... ... 145
.6 Growth of pathogens in prefermented
porridge with DME and Lb. bavaricus...... .148
. 7 Effects of heati ng and pH on the growth 
of E. coli in prefermented porridge with 
DME and Lc. lactis ..... ..................151
.8 Survival of Lc. lactis in recycle
fermented porridge for 10 days............155
.9 Growth of Lb. pi antarum in prefermented
rice porridge with DME and Lc. lactis.....156
.1 Survival of E. coli in prefermented
porri dge wi th different amount of ragi....165
.2 Survival of pathogens in prefermented
porridge with ragi only................... 166
.3 Survival of pathogens in prefermented
porridge with ragi and Lc. lactis.......... 172
.4 Survival of pathogens in prefermented
porridge with ragi and Lb. bavari cus......173
,1 Malays!a. . . . . . . ..... . . .... ... . .... .... . . . . . 179
2 Diarrhoeal cases in Malaysia (1981-1986)..181
3 Incidence of diarrhoeal diseases in 
Malaysia (1981-1986).....- ................ 182
4 Comparison of weight for age of diarrhoea 
chi 1dren with NCHS/WHO standard 
reference........ ................... ......203
5 Comparison of lenght (height) for age of 
diarrhoea children with NCHS/WHO standard 
reference...... ... ........................ 204
xi v
ACKNOWLEDGEMENTS
First of all, I would like to thank the Science and 
Technology for Development Programme of the European 
Community for providing the funds for this project,
contract No. TS2-0181-UK.
I would like to express my sincere thanks to Dr.
Martin Adams and Dr. Jane Morgan for their continual help, 
advice and encouragement throughout the completion of this 
thesis.
Many thanks also extended to the staff of Microbiology 
Department, in particular, Mr. Tim Baker for his technical 
advice in the laboratory whenever I needed one and to my 
fellow students who provided a very friendly atmosphere in 
which to work with in the laboratory.
I am grateful to the staff and nurses at the General
Hospital, Kuala Lumpur, Malaysia, for ;nal 1 owi ng me to 
col lect data for my studi es on di arrhoea/, chi 1 dren at the 
Pediatric Ward and also my thanks is extended to the staff 
and technicians of the Faculty of Veterinary Science, 
Universiti Pertani an Malaysia for helping in the 
identification of the pathogens in the samples.
To the Universiti Pertanian Malaysia, my appreciation 
and thanks for granted me a study leave and financial 
support.
My deepest gratitude must be extended to my mother for 
her patience and love for looking after my family while I 
am away in U.K. during my studies.
My love and thanks go to my husband, Lamat, for his 
patience, constant support and encouragement, and to my 
children; Kathrina, Eleena and Farhan, I love you all very 
much for being so understanding and .unbearable long 
separation from Mama. This study would not have been 
possible without your loving support.
Lastly, this thesis is dedicated to the memory of my 
beloved father for his loved for the family.
xv
CHAPTER 1
1.0 INTRODUCTION.
Diarrhoea! diseases are stil! a major global problem, 
especially in the developing countries. They are one of the 
principal causes of morbidity and mortality among infants 
and children under 5 years of age in developing countries. 
Contaminated weaning foods account for a substantial 
proportion of diarrhoeal diseases among infants and young 
chi 1dren, especial1y in developing countries (Motarjemi et
al., 1993) . .According to Snyder & Merson (1982), the
morbidity rates were highest in the 6—11 months age-group, 
with mortality rates greatest in infants under 2 years of 
age. Worldwide (excluding China) it is estimated that 1400 
million episodes of diarrhoea occur annually in children 
under the age of 5 years (Motarjemi et al. , 1993). In 1990, 
over 3 million of such children died as a result (WHO, 
1992). It has been projected that world-wide 2 billion
children will be born from 1985 to 2000, of whom, at
present mortality rates 240 million will die before the age
of 5 (Galway et a 7. 1987).
Diarrhoea is a major cause of malnutrition owing to 
low food intake during illness, reduced nutrient absorption 
in the intestine, and increased nutrient requirements as a 
result of the infection. Factors affecting food intake
during diarrhoea include poor appetite, vomiting, and the 
common practice of withholding or diluting food. Each
episode of diarrhoea can cause weight loss and the risk of
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serious malnutrition increases with repeated and prolonged 
attacks, especially in young children who are already 
underweight. Diarrhoea in malnourished children is more 
severe, lasts longer and may occur more frequently than in 
well nourished chi 1dren. Thus the interaction of diarrhoea 
and malnutrition creates a vicious circle which, if not 
interrupted, may lead to the death of the child from 
malnutrition, diarrhoea, or another infectious disease, 
such as pneumonia (Jelliffe & Jel1i ffe, 1991).
Two groups of children are at particular risk from the 
combined effects of diarrhoea and malnutrition:
—  young infants (birth to 4-6 months) who are not 
breast-fed;
- older infants and children of weaning age (4-6 
months to 2 years old), when foods other than milk are 
being introduced.
Children in these groups are often given insufficient 
food, and their food is frequently contaminated with 
bacteria which can cause diarrhoea and against which they 
have little resistance. When children begin to crawl and 
walk, they may also come into frequent contact with and 
ingest faecally contaminated material (Jel1iffe & Jelliffe, 
1991) .
Gordan et al. (1963), who first drew attention to the 
phenomenon of "weanling diarrhoea", pointed out that 
weaning generally occurs at between 6 and 18 months of age 
when there is a concurrent dramatic increase in the 
incidence of acute gastroenteritis. They found a definite
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association between infants coming off the breast, 
introduction of other foods, and a high fatality rate from 
infantile gastroenteritis.
1.1 Definitions of Diarrhoea.
The word diarrhoea is derived from the Greek term 
meaning to flow through and refers to a change in the 
frequency, fluidity (consistency), or volume of the faeces. 
Disturbance of the mechanisms for secretion and absorption 
of water in the gastrointestinal tract can result in an 
increased loss of water with the faeces (Taylor, 1990). 
This symptom is somewhat subjective depending on the 
perceptions of the patient or parent about what "normal 
stools" are.
Acute diarrhoea is described as the expulsion of 
stools or fluid in excess of normality, usually more than 
three times per day, and resolving within 5 to 6 days. The 
presence of fetid stools and blood will also characterize 
acute diarrhoea (Gracey, 1989).
Chronic or persistent diarrhoea is when the stools 
have been abnormally loose for 14 days or more. The term is 
not restricted by the nature of the stool s , i . e. whether 
they are fluid (watery), mucoid, bloody, pasty or 
excessively bulky. Chronic diarrhoea can be of rapid 
(acute) or insidious onset and can last for more than 3 
weeks according to some authors or more than 6 weeks 
according to others (Gracey, 1989).
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1.2 Global Distribution of Diarrhoea! Diseases.
In 1990, over 3 million children died as a result of 
diarrhoeal diseases (WHO, 1992). It has been estimated that 
more than 15 million infants and children under five years 
of age die annually in the tropical regions of the world 
(Evans, 1986). In 1987 alone, more than 4 mi 11ion chi 1dren 
died of diarrhoeal disease, of whom about 70% could have 
been saved by oral rehydration therapy (ORT) (Grant, 1988). 
In 1985, 18 African and 6 Asian countries had a child
survival index of <80% (UNICEF, 1987) . Snyder & Merson 
(1982) have reviewed 24 epidemiological studies 
investigating diarrhoeal disease. They found a median 
mortality of 20/100 children under 2 years old, w i t h 3-5 
million deaths annually.
Investigations worldwide have found diarrhoea 
incidence peaking between the ages of 6 months to 3 years, 
with an annual rate ranging from 2 to 12 episodes, 
averaging about 4 per year in most poor communities (Mata, 
1978; Rhode, 1978). The point prevalence of diarrhoea 
ranges from 5 to 15%, averaging about 10% (Chen, 1983). The 
global implications of the these findings are estimated in 
Table 1.1.
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Table 1.1 Global and regional population in 1980 and
estimated number (millions) and distribution of 
the diarrhoeal diseases.
Children <5 
years
Children 
diarrhoea 
epi sodes
Region Populati on Number % Number %
Global 4415 559 100 1507 100
More
Developed 
countri es
1131 85 15.2 85 5.6
Less
Developed 
countri es
3284 474 84.8 1422 94.4
Afri ca 469 86 15.4 258 17.1
Asi a 2447 331 59.2 993 65,9
Latin 
America
368 57 1 0 .2 171 11 .3
Adapted from Chen, (1983)
In Africa, a child will have On average, 4.9 attacks 
of diarrhoea annually, each lasting 5 or 6 days (Feachem, 
1984). This means that every chi 1d wi 11 have diarrhoea and 
be losing weight for a month each year. Serious dehydration 
occurs in only 1% of diarrhoeal episodes, but this will be 
the cause of 60-70% of all diarrhoeal deaths (Galway et a 7.
1987).
In Egypt, in 1980, the mortality rate for the under- 
5's was 18.1/1000 in "control11 villages and 10.5/1000 in 
’’outreach" villages during the diarrhoea season. In 1986, 
mortality rates had been reduced to 6.5 and 6.0 per 1000, 
respectively. There was no significant change in diarrhoea 
incidence, but virtually all the drop in mortality was due 
to a decline in diarrhoea-associated deaths (Goma et a 7.
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1988). In another study, (Nasser et a 7. 1988), Egyptian
children under 3 years old were found to spend, on the 
average, 11% of their year With diarrhoea. It was most 
prevalent and most serious in children under the age of 2, 
in rural areas and in the summer and autumn months.
In southeastern China (Fujian Province), a community 
survey of 19,410 people for 12 months indicated that an 
overall incidence rate of diarrhoea was 729.9 episodes/1000 
population. The incidence varied with age group but 
children under 5 years had the highest rate, 2.25 
episodes/child/year (Kangchuan et al. 1991).
In Southeast Asia, the incidence of diarrhoeal disease 
in different countries has been shown to vary from 1.5 to 
12 per 1000 population of all ages. In India alone, at 
least 1.5 million children below the age of 5 years die 
every year due to non-cholera diarrhoea (Lam, 1982). In 
Thailand, the incidence of diarrhoea! disease during a 
four-month period in the three communities of Bangrasan was 
454/1000 population and i n the communities of K1ongchi k was 
85/1000 population (Muttamara & Krishnaswamy, 1982). In 
Indonesia, the annual incidence of diarrhoeal diseases is 
200-400/1000 population or 17-34 new cases/1000/month. Most 
cases (70-80%) occurred in children below 5 years of age, 
with the highest frequency at 1-2 years of age. On average, 
children 1-2 years old experienced 2 episodes per year, and 
20-40% of total deaths were due to diarrhoea (Winardi & 
Adhyatma, 1982). In Malaysia, the incidence rate of
M*
diarrhoeal disease was only 12.3 per 1000 population buty^i s
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sti 11 endemic in areas where the socio-economic conditions, 
coupled with poor environmental sanitation prevailed 
(Ismai1, 1988) .
In a devel oped country l ike USA, di arrhoeal disease is 
still a problem. A comprehensive review of US national 
mortality data based on nationwide statistics over 10-year 
revealed that there were 500 child deaths/year due to 
diarrhoea. Deaths were most common among black children 
under 7 years of age, living in the southern states, and 
occurred most commonly in winter (Ho et a 7. 1988b).
1.3 Microbial Agents that Cause Diarrhoea.
Infectious diarrhoea is that in which an enteric 
pathogen is demonstrated or isolated in the bowel or stools 
of the diseased individual. It is an acute diarrhoea caused 
by i ntesti nal i nfecti on wi th pathogeni c bacteri a, vi ruses 
or parasites. These organisms are generally spread by the 
faecal/oral route and can be transmitted by unclean food or 
water, di rty feedi ng utensi1s (especi al1y feedi ng bottles 
and teats), and the faecally contaminated fingers of the 
infant or the mother.
Various pathogens have been identified as causing 
di arrhoeal di seases i n developing countri es (Merson , 1983). 
The most frequently identified causative agents 
(Hirschhorn, 1987; Ryder, 1987) include bacteria such as 
Escherichia coli 20%, Campylobacter jejuni 15-20%, 
Salmonella and Shigella spp. 5-10%; enteric viruses such 
as Rotavirus 20%, and protozoa such as Entamoeba
7
histolytica and Giardia 7amblia 5-10% . The remaining
agents i nclude Vibrio cholerae, Clostri diurn perfringens, 
Bacillus cereus, Cryptosporidium spp., Pseudomonas, 
Klebsiella, Yersinia enterocolitica, and Norwalk virus.
In South African blacks, bacterial infections (E. 
'col i','.Campylobacter,Salmonella and Shigella) account for 
45% of isolations and Rotavirus for 15%. In 40% of cases no 
pathogens could be indentified (Coovadia, 1984).
In Korea, (Kim e t a l .  1989) a hospital-based study 
over a 14-month period found one or more pathogens in 75% 
of the 231 children with diarrhoea investigated; the most 
frequently identified agents were Rotavi rus (47%), 
enterotoxigenic E. col i (ETEC) (22%), Cl ostri di urn difficile"- 
(16%), enteroadherent E. coli (15%) and enteropathogenic E. 
c o 1i (6%).
The most frequently identified enteric pathogens in 
children with acute diarrhoea in the summer diarrhoea 
season in Egypt were ETEC (17%), Cryptosporidium (9%), 
Campy 1obacter (7%), Salmonella species (7%), and Shigella 
(5%) (Mikhail et al. 1989).
In a hospital-based study (Casalino et al. 1988) of 
1667 children, performed over a 2 year period in Somalia, 
enteric pathogens were identified in 61% of the patients; 
Rotavirus (25%), ETEC (11%), Shigella species (9%), 
Aeromonas hydrophila (9%), C. jejuni (8%) and Vibrio 
cholerae non-01 (6%).
Campylobacter has become recognized as an important 
enteric bacterial pathogen in children. In a study of 859
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Liberian children under 5 (Molbak et al. 1988), it was the 
most prevalent bacterial pathogen identified, occurring in 
45% of urban slum dwellers and 28% of rural children. The 
infection is closely linked to heavy environmental 
contamination. Campylobacter was isolated from 13.5%, ETEC 
from 13% and Salmonella from 12% of 1230 children under 5 
years with diarrhoea in Thailand (Rasrinaul et al... 1988).
Rotavirus i s a major cause of diarrhoea worldwide and 
few children escape infection, especially in developing 
countries. Rotavirus may cause only 6% of episodes but is 
responsible for 20% of deaths (Galway et al. 1987). It is 
usually a sporadi c i nfecti on although it can be related to 
epidemics. In temperate climates it tends to occur during 
winter and is often preceded by upper respiratory symptoms, 
although there is not firm evidence of droplet spread via 
the respiratory tract; common source outbreaks can occur in 
nurseries (Gracey, 1990).
In the USA, Rotavi rus infections are considered to be 
a prime cause of di arrhoeal deaths occurri n g . i n winter in 
children. It demonstrates distinct seasonal winter peaks 
(Fi gure 1.1) and is predomi nant1y a di sease of chi 1dren 
aged 6-35 months (Ho et al. 1988a).
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Monthly hospitalizations (% of mean)
500
Hospitalizations
Total/
46 months
Mean/
month400 Regions
• West 26295 
South 33178
North-central 36997 
Northeast
548
691
771
144
300
6697
200
100
1982 1983 1984 1985
Year
Figure 1.1 Hospitalization for childhood diarrhoea by 
region of the USA and by month.
Source of data: hospital discharges of McDonel1 Douglas
Automation Company (McAuto), 1982-1985. The 
large differences between regions reflect 
participation in the McAuto data collecting 
system and not regional differences in 
rates of hospitalization; therefore, the 
monthly variations in hospitalization have 
been standardized for each region by using 
the monthly mean (100%) for the 48 months 
of observation.
(Ho et a 7. 1988a).
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In Mexico, out of 150 patients up to 2 years of age 
with acute diarrhoea, 32% had Rotavirus detected in their 
stools either as the only virus found or in association 
with other viruses. Adenovirus was detected in 12% of the 
patients (Puerto et al. 1989). However in Thailand, 
Rotavirus was detected in 20% out of 1230 Thai children 
under 5 years of age in a year-long study of endemic 
diarrhoea! disease (Escheverria et a 7. 1989).
A community-based, longitudinal study over 16 months 
involving 343 children under 6 years living in slums in 
Dhaka, Bangladesh, found parasites in more than half the 
routinely collected stools and from 42% of 225 diarrhoeal 
stools (Stanton et al. 1989). Isolation rates increased 
steadily with age and Ascaris 7umbricoides and Trichuris 
trichiura accounted for 80% of the parasites isolations 
while Giardia lamblia occurred in 11%. Gastrointestinal 
infection with G. lamblia was detected in 32% of the 
Australian aboriginal children in a remote community in 
northwest Australia (Meloni et al. 1988).
A summary of the agents* prevalence in various 
published studies in different countries ^is shown in 
Table 1.2 and gives an idea of the global situation.
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Table 1.2 Summary of the agents prevalence in various 
studies in different countries.
Countries N o . of 
patients/ 
speci mens
Agents Percentage
(%)
Addi s Ababa 
(Sti ntzi ng 
et a 7. 1982)
86 ETEC1
EPEC**
Shi gel!a
Rotavirus
26
8
8
24
Algeria 
(Megraud et 
a 7. 1990)
411 Camphylobacter 17.7
Bangladesh 
(B1ack et 
al. 1982b)
197 ETEC
Rotavi rus
26
50
Burma
(Aye et a 7. 
1989)
330 ETEC
EPEC
Shi gel la 
Salmonella 
Campy!obacter
22.7
12.7 
1 .8 
0.3 
2.1
Brazi1 
(Fagundes- 
Neto et al. 
1989)
29 EPEC 58.6
Chi cago 
(Goodman et 
al. 1981)
26 Campy 1obacter 96
Gambi a 
(Sul 1i van 
et al. 1990)
77 He 17 cobacter 
(Campylo­
bacter)
53
Germany 
(Desgrand- 
champs et 
al. 1989)
210 Rotavirus 
Salmonel1 a 
Campylobacter 
Cryptospori- 
di um
Aeromonas spp.
22.4
8.1
2.4
2.4
1.9
Indi a
(Ananthan et 
al. 1989)
98 Rotavi rus 
ETEC
49
28
Indi a
(Ram et al. 
1990)
1024 Rotavirus 11.7
12
India
(Khoshoo et 
al. 1990)
80 SaImone 11a 13.8
Japan
(Itoh et al. 
- 1989)
74 Campylobacter 47
Japan 
(Mochi zuki 
et al. 1989)
499 Campy!obacter 9.4
Papua New 
Gui nea
(Miwatani et 
al. 1990)
54 Shi gel!a 
ETEC
B a d  7 7 us 
Campy 1obacter
38.8
17.3
15.3 
3.8
South Africa 
(Loeni ng et 
al. 1989)
373 Rotavi rus 
ETEC
Shi gel la 
Campy 1obacter 
SaImone1 la 
EPEC
15
9
4
4
2
2
Sri Lanka 
(Mertens et 
a 7. 1990)
371 Rotavirus 
Shigella 
SaImone1 la
21 .9 
16.4 
7.5
Tunisia 
(Gueddana et . 
al. 1988)
402 Rotavirus 29
U.K.
(Chri stopher 
et al. 1981)
544 EPEC
Shi gel!a 
Salmonella 
Rotavi rus
4.6
2
3.1
11.9
U.S.A 
(Santosham 
et al. 1985)
233 Rotavirus 73
ETEC Enterotoxi geni c E. col i 
EPEC - Enteropathogenic E. coli
1.4 Transmission Mechanisms.
Transmission of the principal diarrhoea-causing 
agents involves a direct or indirect route from anus (of a 
human or animal) to the mouth. Up to 70% of diarrhoea! 
episodes could be due to pathogens transmitted through food 
(Esreyj 1990). The simplicity of the life cycle of most
1 3
enteric bacteria, protozoa and viruses, and the large 
number of i nfecti ve units excreted in faeces explai n the 
high probabi1ity of transmission when personal hygiene and 
environmental sanitation are deficient.
Most agents are transmitted by touching foods with 
contaminated hands. For those pathogens that have a low 
minimum infective dose and for which the human body is the
Salw>neJ [q.
main reservoir, e.g. Shigella spp. and ^ typhi, 
contaminated hands are a particularly important risk 
factor. Nevertheless, the washi ng of hands after defecati on 
or changing infants' nappies, and prior to the preparation 
of food, is frequently neglected or ignored. Bryan et a 7. 
(1988) observed that mothers did not always wash their 
hands after changing babies' nappies, and when they did it 
was often in the same pan of water used to prepare food and 
wash utensi1s .
Contamination of weaning food with faecal matter has 
been frequently reported, and lack of basic sanitation 
certainly is a contributing factor. Faeces disposed on the 
ground (especially in societies where indiscriminate 
squatting is the rule) are a source of contamination of 
foods and surface water (WHO, 1980). Water used for the 
preparation of food itself is a source of pathogenic
agents, and in rural areas, water is very often
4We.se,
contaminated and ^ limited availability, are factors 
favouring transmission in tropical and less developed 
areas.
Unclean pots, cooking utensils, baby bottles, teats
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etc. are potential sources of contamination. A study in 
rural Kenya showed that 44% of the dishes were unsafe from 
a hygiene point of view (van Steenbergen, 1983). Several 
studies have indicated that babi es' bottl es are not always 
effectively washed or boi1ed (Michanie et al. 1987; Bryan 
et al. 1988) .
Evidence that flies contribute to the transmission of 
the diarrhoea! disease agents has been reviewed by Esrey 
(1991) . Many pathogens that cause di arrhoea i n humans,
including V. cholerae, Shi gel la spp., Campy!obacterj E. 
col i j poliovirus, and Entamoeba histolytica, can be 
recovered from flies, and many pathogens can survive on the 
integument of flies for up to 10 days. Pathogens can also 
be carried in the gut of flies and deposited on the food 
when they regurgitate or deposit excreta. Flies are 
therefore, a potential source of contamination of food and 
.water.
Several studies have also reported the presence of 
infected domestic animals in the household premises 
(Mi chani e et a 7. 1987), presenting an addi ti onal risk for 
the contamination of food.
The importance of foods as a vehicle is that a 
bacterial agent can multiply in food to produce an 
infectious dose. Many foods are a rich medium for micro- 
organisms, encouraging their growth and eventually the 
production of toxins. Under favourable condition, a single 
bacterium can multiply to 500 million bacteria in 10 hours. 
Bearing in mind that infective dose of pathogens varies
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from a few (10 or less) to as many as 10^-for 10^ ^ • v for 
example, the infective dose for Shigella is considered to 
be 10^-10^ cel Is compared with 10® cells for enteroi nvasi ve 
E. c o 77, which is similar biochemically, antigenical1y and 
in the nature of the disease caused (Williams et al. 1988). 
This difference is probably due to the greater sensitivity 
of E. coli to gastric acidity. Ingestion with foods can 
also help protect pathogenic bacteria from the effect of 
gastric acidity. The survival of even a smal1 number of 
pathogens in freshly prepared food can become health 
.threaten.i ng, parti cularly i f food i s stored at ambi ent 
temperature for several hours or overnight, as is often the 
case (Motarjemi et al. 1993).
1.5 Pathogenesis of Diarrhoea.
At least four mechanisms can be involved in causing 
diarrhoea (Figure 1.2): (a) defective absorption of
solutes; (b) increased secretion of solutes, (c) structural 
abnormalities in the intestine, and (d) altered intestinal 
motility (Taylor, 1990).
1.5.1 Defective absorption of solutes.
Decreases in the absorption of solutes can occur as 
the result of overeating, enzyme or bile acid deficiencies, 
or ingestion of poorly absorbed ions such as those which 
occur in certain laxatives . This "osmotic" diarrhoea can 
occur in the small and/or large intestine.
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Figure 1.2 Diarrhoea Mechanism
WATER RETENTION
MALABSORPTION
WATER SECRETION
STRUCTURAL
ABNORMALITY
EXUDATION AND 
MALABSORPTION
UNABSORBED SOLUTE SECRETION OF SOLUTE
ABNORMAL SURFACE AREA 
OR TRANSIT TIME
INCREASED 
FECAL WATER 
DIARRHOEAL 
STOOLS
Adapted from Taylor, (1990)
17
1.5.2 Increased secretion of solutes.
Large quantities of water and various ions, especially 
sodium, are normally transported i n both directions across 
the intestinal mucosa. The duodenum is rather "leaky" and
allows passive movement of water and sodium, principally
from blood to lumen. The jejunum absorbs sodium, chloride 
and bicarbonate ions against their epithelial 
electrochemical gradients. In the ileum, sodium and 
chloride are actively absorbed but bicarbonate is secreted, 
al 1 agai nst thei r respecti ve el ectrochemical gradi ents. 
Disturbing these processes, can result in an abnormal 
secretion of electrolytes and water known as "secretory" 
diarrhoea. Bacterial enterotoxins frequent1y i nterfere wi th 
intestinal transport of electrolytes, stimulating the 
secretion of electrolytes and water. The colon plays a
lesser role in secretory diarrhoea.
1.5.3 Structural abnormaliti es in the intestine.
Structural abnormalities in the intestinal tract can
lead to i ncreased stool volume by i nterfering wi th
absorption of nutrients or by exudative processes. Damage 
to the absorptive epithelial cells of the small intestine 
can compromise their effectiveness in the absorption of
nutrients. This leads to an increase of unabsorbed solutes
in the lumen and to osmotic diarrhoea. Severe mucosal 
damage can lead to the release of cells and other
structural materials into the lumen and increases the
hyperosmolarity of the luminal contents. In both cases, the
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active absorption of electrolytes against the electro­
chemical gradient can be lost since the carriers are 
located in the epithelial cells that have been damaged.
1.5.4 Altered intestinal motility.
While increased moti1ity is not solely responsible for 
the most cases of diarrhoea, it may play a role in each of 
the other types. Normally, an increased flow of luminal 
contents is compensated by an available excess area of 
mucosal absorptive surface. However, if the increased flow 
occurs in combination with a decrease in mucosal absorptive 
surface area due to cellular damage, diarrhoea can ensue. 
Similarly, the increased volume of fluid encountered in 
osmotic or secretory diarrhoea stimulates intestinal 
moti1i t y .
Malabsorption problems more frequently involve the 
small intestine, while inflammatory problems are often 
localized in the Targe intestine. The pathogenesis of 
diarrhoea is often described in part by its site (Taylor, 
1990). .
The best understood mechanism of pathogenesis is that 
which involves enterotoxin production by bacteria growing 
in the small bowel (Gracey, 1989). These are termed 
secretory diarrhoeas. The organisms are ingested (usually 
fairly large numbers are necessary, 10^"^ organisms) and 
must pass through the acid environment of the stomach into 
the, normally almost sterile, small bowel, where they
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attach to the mucosa by means of lectins or fimbriae. There 
they grow to high numbers (10^'® organisms/g tissue), and 
produce enterotoxins which attach to specific binding sites 
on the epithelial cells. The best studied in this respect 
is cholera toxin produced by V. chol erae. v The
GMj, ganglioside in the epithelial cell membrane, is a 
receptor for the binding B subunit of the V. chol erae 
enterotoxin molecule. The B subunit, having attached to 
this receptor, remains in/on the membrane, while the active 
A subunit is transported into the cell where it brings 
about the activation of adenylate cyclase leading to an 
increase in cyclic adenosine monophosphate (cyclic AMP) . 
Thi s further 1eads to acti ve chiori de hypersecreti on by the 
cell, and to a lesser extent, inhibition of sodium 
absorption. These biochemical effects result in the 
outpouring of large amounts of electrolyte rich fluid into 
the small bowel, which overcomes the absorptive capacity of 
the rest of the distal bowel, thus leading to watery 
diarrhoea (Lai, 1980; Holmgren, 1981; Chen, 1983). (Figure 
1.3).
ETEC diarrhoea is particularly important in infants 
and young children, and is more common where standards of 
hygiene are poor. Enterotoxigenic strains of E. col i 
produce a heat labile toxin (LT), a heat stable toxin (ST), 
or both. LT resembles cholera toxin (CT) in its actions and 
cross-reacts with it immunological 1 y . It binds to GM1 
ganglioside in the enterocyte cell wall and stimulates 
fluid and electrolyte secretion. ST is a much smaller
20
Cboleratoxin
or
LT
Net • 
Secretion
(;NaC3 a b s .+  
+C 1" sec .)
a c t iv e  - A T P  
G T P - Adenylate (
Cyclase V Cydic 
AMP
?  Protein Kinase 
? C a + +
?  Calmodulin
\
G D P  ACi GTP 
+ Pi
Vi l l us  Crypt  or Tip Cel l
Figure 1.3 Proposed mechanism of cholera toxin and LT 
action.
(Adapted from Chen, 1983).
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molecule, does not bind gang!iosides, is only weakly 
antigenic and is considered to stimulate guanylate cyclase 
activity in the intestine, causing elevation of 
intracel1ular concentrations of cyclic guanosine 3',5'- 
monophosphate (cGMP) in the mucosa. LT blocks Na+ and Cl' 
absorpti on by intestinal villous epi theli al cel 1s and, at 
the same time, induces the secretion of Cl" and HCOj" by 
intestinal crypt cells through the mediation of adenylate 
cyclase (Gracey, 1989).
Strains of EPEC which are non-i nvasi ve and which do 
not produce LT or ST have been found which are, 
nevertheless, able to cause diarrhoea (Anonymous, 1983). 
Other toxins might be involved in such situations, for 
example Vero toxin (VT) (Konowalchuk et a 7, 1977) which has 
been associated with intestinal fluid secretion in 
experimental animals (Scotland et al. 1980), in 
haemorrhagic colitis (Johnson et al. 1983) and with 
haemolytic-uraemic syndrome (Karma!i et al. 1983) 
Attachment of EPEC to the intestinal mucosa is an essential 
virulence mechanism and this, itself, may be involved in 
diarrhoea causation by the production of focal areas of 
mucosal damage to the intestinal brush border at the sites 
where micro-organisms attach to the gut (Ulshen & Rollo, 
1980 ; Clausen & Christie, 1982).
Diarrhoea associated with faecal E. col i has been 
recognized for almost a century but the presence of E. col i 
in normal stools made it hard to distinguish those which 
cause diarrhoea from harmless gut commensals. A particular
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serological type of E. col i was associated with most 
episodes of summer diarrhoea in infants in Britain (Bray, 
1945), and this was followed by the introduction of 
serotyping to identify strains of E. coli in outbreaks of 
diarrhoea. Identification of EPEC by serotyping was used 
widely, and by the early 1960's there were 170 known 
serotypes of E. col i al though on! y a dozen or so were found 
commonly. When enterotoxins became recognized it was found 
that most strains of EPEC were not enterotoxigenic; 
serotyping for EPEC then became unpopular as a routine 
diagnostic procedure by the late 1970's. EPEC's seem to 
have become relatively unimportant as a cause of diarrhoea 
in infants and young children in industrialized countries, 
although they continue to be important in developing and 
tropical countries (Gracey, 1989).
Salmonellosis is commonest in children under 5 years 
of age and, particularly in infants under 12 months of age 
(Gracey, 1989). The disease can be spread through 
contaminated food (e.g. .poultry) ,■'mi-l.k'or water (Lee, 1974) 
but requires a relatively large inoculum, compared with 
Shigella (Hornick et a 7. 1970).
Non-typhoid salmonellosis has a short incubation 
period (12-24 hours) and is characterised by diarrhoea, 
vomiting, fever, headache and abdominal pain, with loose 
stools being passed with blood and mucus. It is typically 
associated with common-source outbreaks, e.g. contaminated 
poultry or sausages; but sporadic episodes are also common, 
particularly where the apparently symptomless carrier rate
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i s hi gh i n overcrowded and unhygi eni c condi ti ons (Gracey,
1989).
Shigellosis, known as bacillary dysentery, 
characteristically causes fever, diarrhoea and abdominal 
pain, and is commonest where standards of hygiene are 
inadequate. There are 4 recognized species of Shigella: S. 
dysenteriae, S. flexneri, S. boydii and S. sonnei (Rowe,
1983). These microorganisms invade the large intestine, 
sometimes into the terminal ileum, and cause intra- 
epi theli al proli ferati on and i nf1ammati o n . Penetrati on 
beyond the lamina propria is rare. Shigellosis has an 
incubation period of 48 to 72 hours, followed by small, but 
loose and frequent stools with blood and mucus, and with 
prominent tenesmus and straining. Patients are usually 
febrile, have colicky abdominal pain and become dehydrated.
The natural course of the disease is to spontaneous 
recovery within 3 to 7 days. S. flexneri usually causes 
more severe symptoms than S. sonnei, and some patients may 
have predominantly watery diarrhoea instead of the more 
typical dysenteric features.
Much less is understood of the mechanism of invasive 
diarrhoeas. Generally lower inocula are required and the 
organism must escape the acid envi ronment of the stomach, cuvd 
traverse most of the small bowel before %-Vi# colonising the 
terminal ileum or large bowel, and invading the mucosa. 
What allows the organisms to enter the mucosal cells is not 
known. Once invasion occurs, an intense inflammatory 
reactions takes place in the host, result^in the outpouring
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of pus cells, and sometimes blood, in the diarrhoea! stool. 
The organisms may occasionally invade the blood streamr and 
cause bacteremia in the host which adds to the toxic, 
clinical picture,of the disease.
In both secretory and invasive diarrhoeas, the disease 
is self-1imiting, probably because of the immune mechanisms 
of the host. This usually occurs in 1 to 7 days, probably 
reflecting the prior immunologic experience of the host. It 
i s known that anti body-produci ng piasma cel Is in the 1 ami na 
propria produce speci fic IgA secretory anti body whi ch can 
be measured in the lumen. The appearance of these specific 
cells in the gut is the immunologic marker of the 
protection of the host against a particular organisms 
/antigen (Pierce & Sack, 1977).
1.6 Nutri ti onal Impact of Di arrhoea.
The nutritional impact of diarrhoea is postulated to 
operate through at least four basic mechanisms : a) Food
intake ; b) Absorption ; c) Metabolism ; and d) Direct loss 
(refer to Figure 1.4).
1.6.1 Food i ntake.
Reduction of food intake during diarrhoea may be due 
to child anorexia and/or maternal food-withholding behavior 
(Hirschhorn & Denny, 1975; Mata et al. 1977; Creed et al. 
1980; Hoyle et al. 1980; Martorel 1 et al. 1980). Child 
anorexia could be a consequence of clinical disturbances, 
including dehydration, electrolyte imbalance, fever,
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Figure 1.4 Nutritional impact of diarrhoea disease
Adapted from Chen, (1983)
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vomiting, or abdominal discomfort. Food-withholding 
behavior by the mother could be a response to child 
anorexia or culturally ingrained changes of dietary 
practices either in response to illness or as an active 
component of disease management. In many situations, the 
net outcomes are the cessation of breast-feeding, 
compromises in the quality and quantity of the weaning 
foods, and in some cases, reduction of food intake by 
lactating mothers themselves. Mata reported a strong 
i nverse correlation between infectious di sease and calori e 
i ntake i n the second year of 1 ife when Guatemalan chi 1dren 
were being weaned (Mata et a 7. 1977; Mata, 1978). Martorel1 
et al. (1980) found that diarrhoea in Guatemalan children 
was associated with an average reduction in daily food 
intake of nearly 20%, equivalent to 175 kcal and 4.8 
grams of protein. Comparison among three groups of matched 
children in a rural treatment unit in Bangladesh (a control 
group, a group with acute diarrhoea, and a group with acute 
di arrhoea encouraged to eat) showed a reduction in calori e 
and protei n i ntake of si ck chi 1dren. The control chi 1dren 
consumed 130 kcal/kg and 0.96 g protein/kg. Intensive 
efforts to promote food intake by having mothers encourage 
children with diarrhoea to eat more failed, suggesting that 
child anorexia operated as a major barrier to improved 
feeding practices (Murray & Murray, 1979; Hoyle et al, 
1980). Moreover, the study showed that breast-fed children 
were better protected against reduced intake during 
diarrhoea than completely weaned children.
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1.6.2 Absorption.
Many studies have documented the malabsorption of 
macro- and micronutrients during acute diarrhoea 
(Lindenbaum, 1965; Rosenburg et al . 1972; Brown et al.
1 979; Ei nstei n et a 7. 1972) . Maiabsorption of sugars
(glucose, xylose, lactose) and fats is well substantiated, 
and solid evidence exists for malabsorption of nitrogen, 
amino acids, and protein. Certain water- and fat-soluble 
vi tami ns (A, , folate) and trace mi nerals (magnesi urn,
zinc) are also malabsorbed.
The mechanism which produces malabsorption has not 
been cl early elucidated . Pancreatic mal functi on resulti ng 
in compromised digestion is possible but has not been 
i nvesti gated. Bacterial overgrowth, another hypothesi zed 
mechanism, could set in motion a variety of events, 
including bacterial fermentation of sugars, bacterial 
competi ti on for certai n nutri ents (e.g. vi tamin B ^ ) , and 
di sturbed bile metabolism wi th abnormal deconjugation of 
bil e salts, resulti ng i n i mpai red mi celle formation and fat 
malabsorpti on (Rosenberg & Scrimshaw, 1972; Rosenberg et 
a 7. 1977). Disaccharidase enzymes in the brush border, the 
most prominent and sensitive of which is lactase, have been 
shown to be reduced during acute diarrhoea disease 
(Hirschhorn et a 7. 1969; Brown et a 7. 1979). Certain
diarrhoeal diseases may also be associated with 
morphological changes. Cell death or the reduction of the 
absorbing surface of the intestinal tract could contribute 
to lower absorptive capacity. Furthermore, diarrhoea
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hastens transit time, reducing time available for 
absorption, and possibly generating osmotic forces against 
absorption. Finally, if carbohydrates are withheld during 
acute disease, certain intestinal enzymes may be reduced 
due to the absence of inductive effects from dietary sugars 
and amino acids (Rosensweig, 1975).
1.6.3 Metaboli sm.
Systemic infections disturb virtually all normal 
metabolic and endocrine functions (Beisel et al. 1967;
Beisel et a 7. 1970; Pollack, 1970; Beisel,1975; Feigin,
1977; Powanda, 1977; Scrimshaw, 1977; Bri scoe, 1979). The 
response is stereotypic (not dependent on the infectious 
agent) and involves both anaboli sm and catabolism (Rowland 
et al. 1977). In the prefebrile phase, anabolic processes 
predomi nate, ref1ected by the secretion of ACTH, growth 
hormone, and the adrenal glucocorticoids. Hepatic protein 
synthesi s i s  sti mulated, and there i s i ncreased neutrophi1 
producti on and neutrophi 1 enzymatic acti vi t y . Cataboli sm 
overshadows anabolism during clinical disease. In general, 
the magnitude of nutrient loss associated with catabolism 
is related to the severity and duration of fever (Keusch,
1977). Catabolic processes are expressed as increased 
gluconeogenesi s , glycogenolysis, and the secretion of 
i nsuli n and glucagon. These processes appear to ref1ect an 
effort to increase energy availability to the host. The 
availability of triglycerides, cholesterol, and
lipoproteins is increased. There is also increased
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secretion of aldosterone, ADH, and thyroid hormone. 
Obligatory losses of nitrogen and intracellular 
electrolytes in urine, sweat, and feaces are increased.
Quantitative estimates of metabolic losses during
diarrhoea are scanty. Pollack, (1970) concluded that the
usual 20-day course of typhoi d fever woul d gi ve total
losses of approximately 130 grams of body nitrogen roughly
equi valent to 4 kg of body mass. Revi ewi ng work by du Boi s
and Beisel, Briscoe estimated that each degree of fever
- rcvfe.
implied a basal metabol ic^increase of 5.0 to 8.2% (Beisel 
et a 7. 1967; Bei sel, 1970; ' Bri scoe, 1979). In a revi ew of 
metabolic studies on adult pati ents with acute infections, 
Powan da, (1977) noted that diarrhoea of infectious orig in 
i nduced an average adult dai1y negati ve ni trogen balance of 
0.9 g/kg/day. There appears to be no published studies on 
children.
1.6.4 Direct loss.
There is some evidence of direct loss of protein and 
other nutrients in the gastrointestinal tract during 
certai n di arrhoea diseases. Morphological damage would be 
expected to be associated with greater than normal 1oss of 
protein and other nutrients. More subtle losses have been 
investigated by Rahaman and colleagues in Bangladesh (.Mol la. 
et a 7, 1983). Using al pha-antitrypsin as a nondigestible
serum protein marker in stool, they have observed increased 
stool clearance of this protein marker in a variety of 
diarrhoeas, including those caused by cholera and E. coli,
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which are considered noninvasive, enterotoxic diseases. The 
magnitude of protein losses directly into the 
gastrointestinal tract has not been quantified.
1.7 Control of Diarrhoea Diseases.
The incidence of diarrhoea in young children may be 
reduced and diarrhoea episodes made less severe by 
practices that reduce the 1 ikehood of swallowing enteric 
pathogens, or that i ncrease resi stance to i nfecti o n . Good 
feeding practices are especially important because:
(1) microbes that cause diarrhoea are frequently 
transmitted by food contaminated during its preparation or 
storage; and
(2) maintaining good nutrition through sound feeding 
practices greatly increases a child's defences against 
severe diarrhoea.
Feeding practices that help to prevent diarrhoea and 
improve the child's nutritional status are out! i nec( below 
(Jel1iffe & Jel li ffe, 1991):-
1) Encourage breast-feeding.
Preferably, only breast milk should be given in the 
first''4-6 months of life. Infants given only breast mil k 
during this period have much lower risk of developing 
severe diarrhoea or of dying from diarrhoea than those 
given breast-milk substitutes. This is because/breast mi 1k 
is clean and contains antibody substances that protect 
against diarrhoea, such as immunoglobulins (mainly IgA), 
which may have a useful role to play in preventing
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infection, lysozyme, which inhibits bacterial growth, and 
lactoferrin ,'which, binds iron in the intestine making it 
unavailable for bacterial growth (Taitz & Wardley, 1989).
2) Avoid bottle-feeding.
If the mother is unable to suckle her child, it may be 
possible to find a wet-nurse. Otherwise, the most 
economical and nutritious substitute, such as modified 
animal milk, powdered mi 1k or commercial formula, should be 
given, using a cup and spoon but not a feeding bottle and 
teat. It is important to ensure that all utensils are clean 
and that the milk is made up in the correct concentration 
usi ng boiled water.
3) Use freshly cooked weaning foods, prepared with 
clean utensils, or previously cooked foods reheated 
until they are thoroughly hot.
4) Use drinking-water from the cleanest available 
source; keep it in a clean, covered container. Boil, if 
possible, before use.
5) Mothers should wash their.hands' after defecation, 
after cleaning a child who has defecated, after disposing 
of an infant's faeces, before preparing food, and before 
feeding their children.
6) Children’s hands should be washed after they 
defecate and before they eat.
7) Careful attention should be given to hygiene, 
which includes the building, maintenance and 
consistent use of a latrine by all members of the
fami 1y .
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8) Faeces from infants and young children who cannot 
use a latrine should be promptly collected and placed in a 
latrine or buried.
9) Pets and other animals (e.g. chicken, pigs) 
should be kept in pens or otherwise prevented from 
entering the house, areas where food and water are 
kept, or places where children play.
10) If refrigeration is available, foods should be 
kept in the refridgerator all the time until ready to be 
consumed.
11) Mothers should eat more food than usual during 
pregnancy and whi1e breast-feeding to make sure that milk 
production is adequate for the infants.
1.8 Weaning Foods and Diarrhoea! Diseases.
1.8.1 Weaning foods.
Weaning is a period during which the infant gradually 
progresses from a milk-only diet to one made up of foods 
usually consumed by the family. Traditionally, weaning 
foods are i ntroduced after 4-6 months of age i n order to 
meet the nutritional requi rements of the developing infant. 
Weaning in the developing countries usually commences with 
a soft preparation of the staple food often a gruel or 
porridge made from rice, maize, oatmeal, wheat or sorghum 
(Jelliffe & Jelliffe, 1991). A practical approach to 
weaning is to use multi mixes, which are mixtures of foods 
based on the staple, with other foods added. The use of the 
staple is also economically and physiologically desirable.
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The added foods should be cheap and culturally acceptable, 
and should supply nutrients that are not present in the 
staple, so that a nutritionally balanced food mixture is 
achieved. Foods with a high energy content for example
(vegetable oil or animal fat) are important ingredients in
the chi 1d 's diet. The other common types of food that may 
be included are legumes (e.g. peas, beans, lentils and 
groundnuts), dark-green 1 eafy vegetables or oranges, and if 
possible, animal products (egg, fish, meat). Breast-feeding 
(or feeding of animal milk) is continued but contributes a 
decreasing proportion of the child's nutrients as the 
quantity and energy content of solid foods increase 
(Jelliffe & Jelliffe, 1991).
1.8.2 Preparation of weaning foods.
Most weaning food is prepared by boiling the 
ingredients in water. Although the majority of the
microbial contaminants will be inactivated as a result, 
heat resistant spores such as those of Clostridium
perfrfngens and Bacillus cereus may survive. Even more 
important is the fact that recontamination of the prepared 
weaning food is very likely to occur before it is consumed 
(Rowland et a 7. 1978).
In developing countries, it is a common practice to 
prepare infant foods in quantities which are sufficient to 
meet the needs of the day, rather than one meal. These 
foods are then stored at ambient temperatures of 30°-40°C 
for periods of up to 12 hours, for feeding to the child
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on demand (Rowland et al. 1978; Barrel! & Rowland, 1980).
This type of storage can allow the growth and 
multiplication of the bacterial pathogens. Rowland et al. 
(1978), stressed that weaning foods must be "reasonably 
resistant to bacterial overgrowth for at least 1-2 hours 
when the infant is likely to be feeding". If food is 
contaminated by such a microorganism after cooking, e.g. by 
contaminated hands, and is then stored at inappropriate 
temperatures for an extended period of time (>4 hours), it 
is more likely to cause diarrhoea disease.
1.8.3 Contamination of weaning foods.
A relationship between contamination of weaning food 
and risk of diarrhoea has been established. Black et a 7. 
(1982c) took samples of foods consumed by 70 children aged 
5-18 months in Bangladesh and found that the proportion of 
a child's food samples which contained E. coli was 
significantly related to the child's annual incidence of 
diarrhoea associated with ETEC.
Where sanitation is poor, opportunities for weaning 
foods to become contaminated are abundant. Raw ingredients, 
water, feeding bowls, utensils and hands are all potential 
vehicles from which pathogens can be introduced into food. 
There is strong evidence that weaning foods are
frequently contaminated with pathogens such as E. coli, 
Campylobacter, Rotavirus, Shigella, Salmonella, 
Staphylococcus and Vibrio (Rowland et al. 1978; Hibbert & 
Golden 1981; Black et al. 1982c; Black et al. 1989; Henry
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et al. 1990). Recent studies have in fact found more
contamination in foods specially prepared for young 
children than in foods eaten by the whole family (Black et 
a 7. 1989; Henry et al. 1990). In Myanmar, food consumed by 
children aged 6-29 months was examined for four enteric 
bacterial pathogens. Of 775 samples of food tested, 505 
were positive for E. coli, 28 for V. cholerae non-01 , and 
6 for Salmonella spp. (Khin Nwe et a 7. 1991).
A compounding problem is that foods often have to be 
stored at high ambient temperatures usually 30°-40°C, due to 
lack of refrigeration facilities and the heavy work load of 
mothers which prevents them from cooking several times a 
day. For example a study in Peru (Black et al. 1989) found 
that after one hour of storage, the percentage of weaning 
cereals or purees which showed evidence of faecal 
contamination jumped from 13% to 42% . Other reports of 
bacterial multiplication during storage come from 
Bangladesh (Black et a 7. 1982c; Henry et a 7. 1990), India 
(Mathur & Reddy, 1983), Kenya (Van Steenberg et a 7. 1983) 
and the Gambia (Rowland et al. 1978). The lack of fuel and 
its expense frequently prevent reheating immediately prior 
to consumption which would provide a margin of safety.
Although continued breast feeding may play a role in 
protecting children from diarrhoeal disease, even breast 
fed infants suffer high rates of diarrhoeal morbidity 
around weaning age (Jason et al. 1984; Feachem & Koblinsky
1984) due in part to the contamination of weaning foods.
The factors affecting the bacteriological quality of
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freshly prepared weaning foods were demonstrated by Barrel! 
& Rowland (1980). They showed that contamination of the 
water and domestic utensils, the personal hygiene of the 
food handl er and the contami nati on ofy(local 1 y avai 1 able . i 
cereal flour itself, all contributed to the presence of 
bacteria in weaning foods. In addition, poor heat 
penetration is often evident during the preparation of the 
gruels. The food is then poured into the child's feeding 
bowl, which has been shown in some cases to have total 
vi abl e counts i n the order of 10® - 1Q? organi sms (Row!and 
et a 7. , 1978) .'
Barrel 1 & Rowland (1979) regarded a weaning food as 
unacceptable if i t contained in excess of 10^ B a d  11 us
O ' . " 0
cereus/g, 10 Clostri di um perfri ngens/g, 3 x 10
Staphylococcus aureus/g or E. col i in 0.1 g or less. This 
was in accordance with the safety of special dietary foods 
as determined by the International Commission on 
Microbiological Specifications for Food (ICMSF) 1980.
1.8.4 Weanling diarrhoea: seasonality.
One of the most conspicuous features of childhood 
di arrhoea i s its close association wi th the annual rainy 
season (Rowland & Barrel 1 , 1980 ,* Rowland et al. 1980;
Henry et al. 1990). Environmental hygiene deteriorates 
notably with the start of the rains. In explaining this 
tendency a number of explanations may be offered (Figure 
1.5).
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Figure 1.5 Weanling diarrhoea: seasonality
Adapted from Rowland, (1983)
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First, at the end of the dry season, water 
availability is poorest. Women spend hours, often well into 
the night, drawing small quantities of muddy water from the 
drying wells. Mothers start to delegate child care and 
short-cut their food preparation just before the rains so 
that their farms will be ready for the earliest possible 
benefit when the rains arrive. Humidity rises and mean 
minimum-maximum temperatures also fall at this time, 
presumably permi tting 1onger survi val of fecal organi sms i n 
the environment. But the factor that appears to domi nate i s 
the rain itself (refer to Figure 1.5).
In low rainfall years, less diarrhoea i s seen than in 
years with high precipation (Rowland et al. 1980). Monthly 
peaks in rainfall during any one season are usually 
accompanied by monthly peaks in diarrhoeal prevalence 
(Rowland & Barrel!, 1980). Thus excessively high 
contami nation 1evels of freshly prepared foods (Tab!e 1.3) 
in the wet season are due in large part to the 
contamination of surface water (Rowland et al. 1978;
Barrel! & Rowland, 1979; Henry et al. 1990).
Table 1.3 Percentage of weaning foods hazardously 
contaminated, by season.(ICMSF, 1974) .
Dry season Wet season
Freshly cooked 6 35
After 8 hours 71 96
*
From International Association of Microbiological Sciences 
(1974)
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1.8.5 Cultural differences in infant feeding.
Another factor which may contribute to the
contamination of weaning foods, is the way in which the 
foods are fed to the infants. In East Africa and in some 
part of Asia (Thailand), some mothers prechew the foods and 
feed small pieces from the mouths with their fingers 
(Brown, 1978; Imong et al. 1989). This results in the 
transmi ssi on of microbi al f1 ora from the mother 1s mouth to 
the infant's and from the environment via dirty fingers. 
"Tongue feeding" is still practised in parts of Nigeria, 
where-by the mother chews the food into a pulp and then 
transfers it to the baby's mouth with her tongue (Brown,
1978).
1.8.6 Nutritional adequacy of weaning foods.
Apart from microbiological contamination, some weaning 
foods prepared in the developi ng countri es are 
nutri ti onal1y i nadequate. Rowland et a I. (1978)
demonstrated that the average available energy density of 
a millet gruel is only one half that of the mother's breast 
milk (34 kcal compared with 70 kcal/ 100g) in Keneba where 
the study was conducted. They also showed that mineral 
requirements are poorly served, either because of low 
absolute levels, as in case of calcium, or because of 
virtual unavailability due to chelation with phytic acid or 
because of the presence of unavailable mineral such as 
copper and zinc. Vitamins A and B are virtually absent in 
the millet gruel and riboflavin and nicotinic acid
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concentrations are also Tower than in human milk.
1.8.7 Fermented weaning foods.
Many of the common traditional weaning foods given to 
infants and children in the less developed countries, 
particularly Africa, are in the form of fermented gruels or 
porridges such as ogi (Nigeria), ugi (United Republic of 
Tanzania, Uganda, Kenya), and mahewu (South Africa and 
Zimbabwe) made from the locally available staple food 
(Tomkins et a 7. 1990). Fermentation may act as a safety
measure in such products since there is evidence that the 
producti on of aci d and the 1 oweri ng of pH duri ng 1 acti c 
fermentation is associated with a reduction in diarrhoeal 
pathogens. It has been demonstrated in a few i n vi tro 
studies on lactic acid fermented cereals such as fermented 
sorghum-based porridges (Sakoane & Walsh, 1988; Nout et a 7. 
1988; Nout et a 7. 1989a,b), maize flour (Mbugua, 1981;
Simango & Rukure, 1991; Si mango & Rukure, 1992) and maize 
dough (Mensah et al. 1988; Mensah, 1989, Mensah et al.
1990).
Mbugua (1981) studied a fermented maize product from 
Kenya known as "uji", and observed complete elimination of 
all coliform bacteria, which had formed approximately 40% 
of the resident flora in the original maize. Barrel! et a7.
(1980) working in Keneba, showed that the rate of
multiplication of Staphylococcus aureus, Bacillus cereus, 
Clostridium perfringens and Escherichia coli was lower in 
milk, which had been acidified with a culture of
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Lactococcus lactis, than in non acidified commercial milk 
products and the traditional weaning food, a non-fermented 
1ocal mi 11et gruel.
In Zimbabwe, Simango & Rukure, (1991) studied the 
survival of strains of Campylobacter jejuni and 
enteropathogeni c (EPEC) and enterotoxigeni c (LT) E. col i 
(ETEC) in mahewu, a traditional fermented cereal gruel made 
from maize flour and water. None of the 4 C. jejuni tested 
survived for 30 minutes in the mahewu (pH 3.6) although 
heavy inocula of 10® to 1 oVcfu/ml of mahewu were used. All 
strains of EPEC and ETEC were detected after 24 h of 
storage at 25°C. Most of the E. col i strains showed very 
little change in numbers of surviving cells except ETEC 
strain 4, which decreased tenfold (i.e., by 1 log^ unit) 
and ETEC strain 3, which decreased by nearly 100-fold (2 
logjQ units). The ETEC strains in general showed a more 
marked decrease in numbers than did the EPEC strains during 
the 24 h period after inoculation in the mahewu.
In another study, Simango & Rukure, (1992) 
investigated the survival of strains of bacterial enteric 
pathogens in two traditional fermented foods {mahewu and 
sour porridge) and in unfermented porridge. The foods were 
inoculated with cell suspensions of Salmonella, Shigella, 
Campylobacter, Aeromonas species and pathogenic E. coli 
which had a final concentration of 10®-10^ . cfu/ml of food. 
None of the strains of Aeromonas and Campylobacter were 
detected in mahewu (pH 2.74) and sour porridge (pH 2.91) 20 
minutes after inoculation at 25°C. The salmonellas were not
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found 4 h after inoculation in either fermented foods while 
the 2 strains of Shige1 l a and ETEC strain were not detected 
after 24 h in mahewu and only EPEC strain survived for 24 
h but decreased by 3 logjQ cfu. One strain of Shigella and 
the 2 E. coli survived for 24 h in sour porridge but 
decreased in number by nearly 3 log^ cfu. All the bacterial 
pathogens survived in the unfermented porridge (pH 5.96) 
for 24 h at 25°C. Aeromonas, Salmonella, Shigella, and E. 
coli strains increased from 1.5 to 2.5 log^ cfu. The two 
Campylobacter strains decreased (0.5-2.0 log^ cfu) in the 
unfermented porri dge .
In Ghana, the traditionally recommended weaning food 
is prepared from fermented maize dough. The whole maize 
grains are soaked in a large volume of water , which allows 
the natural selection of a microflora of lactic acid 
bacteria, yeasts and molds (Akinrele & Bassir, 1967). The 
metabolic activity of these organisms particularly the 
lactic acid bacteria brings about a reduction in pH and an 
increase in titratable acidity. Organic acids such as 
1acti c and aceti c aci ds are produced (Aki nrele, 1970), and 
these acids in vitro have been shown to inhibit a wide 
variety of bacteria such as Salmonella enteritidis and E. 
co 1 i (Adams & Hall, 1988).
Recycling of the inoculum is an alternative approach 
which achieves a natural selection of lactic acid bacteria 
and ensures a rapid and satisfactory fermentation (Nout et 
al. 1989b). Nout and co-workers, (1989b) demonstrated that 
repeated recycling of the inoculum in a sorghum/pigeon pea
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porridge base resulted in an accelerated acidification of 
inoculated fresh batches after 2-4 recyclings. Due to the 
dominance of lactic acid bacteria and the rapid 
acidification they produced, Enterobacteriaceae were absent 
in the fermented material despite the fact that they were 
introduced with each new batch of cereal and legume meal. 
The higher the proportion of fermented ingredient base 
used, the lower the porridge pH after preparation. The 
highest antimicrobial activity was observed in porridge 
with a pH <3.96, which produced a reduction in the 
pathogens SaImone11a typhimurium and Staphylococcus aureus 
which had been inoculated into the porridge at 3.0 and 4.5 
cfu/g at O h  to <1.7 and <2.7 cfu/g respectively, after 
24 h at 30°C. C cfu-/3 loJio)
The same study also investigated whether factors 
other than acidity were responsible for the antimicrobial 
effect, by simulating the conditions of the fermented 
material by the addition of lactic acid and acetic acid. 
There appeared to be no significant difference between the 
inhibiton of bacteria in the fermented porridge or acid 
supplemented non-fermented porridge. In this particular 
example therefore, the antimicrobial effect was due to the 
presence of lactic and acetic acids at a reduced pH. Other 
antimicrobial substance5did not play a detectable role.
Others have suggested that it is not pH alone which 
inhibits pathogens during fermentation. In a laboratory- 
based experiment (Mensah et a 7. 1988; Mensah, 1989; Mensah 
et al. 1991), fermented and non-fermented Ghanaian maize
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doughs were seeded wi th 20 strains of Shi gel 7a flexneri and
ETEC. Unfermented dough showed no antimicrobial effect and
the organism grew to l O ^ i n  48 h at 30°C, while dough
fermented for 8 hours at 30°C inhibited about half the
stmms
Shigella flexneri and ETECffrom approximately 107 cfu/g to
■ .
10^ cfu/g. Cooking^porridge, prepared from fermented dough,
however, reversed the antimicrobial effect to some degree.
These finding were repeated at field level (Mensah, 1989),
again the inhibitory effect of fermented dough was reduced
after cooking, even though the porridge remained acidic. A
numbers of hypotheses was put forward to explai n thi s
effect. It is postulated that the aqueous extract from
fermented maize dough contains some inhibitory substance
which is water soluble. When large volumes of water are
added to the dough to make porridge prior to cooking, the
inhibitory substance becomes diluted and its antimicrobial
effect is reduced.
From the above studies, there is evidence that a wide
- are.
variety of anti microbial substances^ present in the 
fermented foods, therefore suggest!ng that fermentation may 
be a useful strategy for reducing bacterial contamination 
of weaning foods in the developing countries. This method 
of preservation could help to reduce the prevalence of 
diarrhoeal disease in future in the developing world.
In Chapter 2, we discuss some general features of 
lactic acid bacteria and their role in food fermentation.
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- CHAPTER 2
2.0 LACTIC ACID BACTERIA AND FOOD FERMENTATION.
2.1 Lactic Acid Bacteria - General Characteristics.
The lactic acid bacteria are characterized as Gram- 
positive, non-spori ng rods or cocci , fermentative, oxidase- 
negative, generally catalase negative, and nohr-moti 1 e 
(Sharpe, 1966; Stani er et a 7. , 1986). The name derives from 
the fact that ATP is synthesised through fermentations of 
carbohydrates, which yield lactic acid as a major, and 
sometimes as virtually the sole end product. The lactic 
acid bacteria are mostly aerotolerant anaerobes 
(microaerophi1e s ) . However, they are unable to synthesise 
ATP by respiratory means, a reflection of their failure to 
synthesise cytochromes and other heme-containing enzymes. 
Although they can perform limited oxidations of a few 
organi c compounds, medi ated by f1avoprotei n enzymes, ei ther 
oxidases or peroxidases, these oxidations are not 
accompanied by ATP formation. The growth yields of lactic 
acid bacteria are, accordingly, largely unaffected by the 
presence or absence of air, the fermentative dissimilation 
of sugars being the source of ATP under both conditions.
Lactic acid bacteria occur in many different habitats; 
they are found in dairy products, such as milk and cheese, 
in plant matter, such as silage, grass, grains, fruit 
juices, beer and wine, and in the saliva, vagina, 
nasopharynx and alimentary tracts of man and animals
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(Sharpe, 1962; Stanier et a 7., 1986).
They have complex nutritional requirements, needing to 
be supplied with amino acids, peptides, vitamins and fatty 
acids, and they are weakly proteolytic and lipolytic.
The various genera of lactic acid bacteria have been 
defined on the basis of cell morphology, DNA base 
composition and type of fermentative metabolism, as is 
shown in Table 2.1 (Brock & Madigan, 1988).
Table 2.1 Differentiation of the principal genera of 
lactic acid bacteria.
Genus Cel 1 form and Fermentati on DNA
arrangement (mole % GC)
Lactococcus Cocci
in chains
Homofermentative 34-36
Leuconostoc Cocci
in chains
Heterofermentative 38-41
Pedi ococcus Cocci
in tetrads
Homofermentati ve 34-42
Lactobaci71 us (1) Rods 
in chai ns
Homofermentative 32-35
(2) Rods Heterofermentati ve 34-53
i n chai ns
Adapted from Brock & Madigan, (1988).
Members of the genera Lactococcus, Leuconostot, and 
Pediococcus have fairly similar DNA base ratio composition; 
in addition, there is very little-variation from strain to 
strain. The genus Lactobacillus on the hand, has members 
with widely diverse DNA compositions and hence does not 
constitute a homogeneous group.
The genus Lactococcus contains a wide variety of 
species with quite distinct habitats, whose activities are
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of considerable practical importance to people and animals. 
As producers of lactic acid, certain Lactococci play 
important roles in the production of buttermilk, silage, 
and other fermented products (Brock & Madigan, 1988).
The genus Leuconostoc are cocci that are 
morphologically similar to lactococci but are hetero- 
fermentative. Strains of Leuconostoc also produce the 
flavouring ingredients diacetyl and acetoin by breakdown of 
citrate and have been used as starter cultures in dairy 
fermentations, but their place has now been taken by 
Lactococcus 7act is subsp. diacetilactis. Some strai ns of 
Leuconostoc produce large amounts of dextran 
polysaccharides (al pha-1,6-glucan) when cultured on 
sucrose. Dextrans produced by Leuconostoc have been found 
some medical use as plasma extenders in blood transfusions. 
Other strains of Leuconostoc produce fructose polymers 
called levans (Brock & Madigan, 1988).
Lactobacilli are typically rod-shaped, varying from 
long and slender to short bent rods. Most are homo- 
fermentati ve , but some are heterofermentati ve (Brock & 
Madigan, 1988). The genus Lactobaci7 7us comprises about 50 
species that can be arranged in three groups (Schleifer,
1987).
(1) Obiigate!y homofermentative 1actobaci11i .
They ferment hexoses almost exclusively to lactic 
acid, whereas pentoses or gluconate are not fermented. 
Typical representatives are Lb. acidophilus, Lb. delbruckii 
and Lb. helveticus.
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(2) Facultatively heterofermentative 1actobaci11i .
They also ferment hexoses almost exclusively to lactic
acid, but in addition, they are able to form lactic acid 
and acetic acid from pentoses by an inducible phospho- 
ketolase. Typical representatives are Lb. casei, Lb. 
piantarum and Lb. sake.
(3) Obiigate!y heterofermentative 1actobaci11i .
They ferment hexoses to lactic acid, acetic acid/ 
ethanol and carbon dioxide. The production of gas from 
hexoses is a characteri sti c feature of these organisms. 
Typi cal representati ves are Lb. bi fermentans, Lb. brevis 
and Lb. fermentum.
2.1.1 Homo- and heterofermentation.
One important difference between subgroups of the 
lactic acid bacteria lies in the nature of the products 
formed during the fermentation of sugars. One group, called 
homofermentative, produces virtually a single fermentation 
product, lactic acid, whereas the other group, called 
heterofermentative, produces other products, mainly ethanol 
and carbon dioxide as well as lactate. Abbreviated pathways 
for the fermentaati on of glucose by a homo- and a 
heterofermentative organism are shown in Figure 2.1.
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Homofermentative Heterofermentative
Glucose Glucose I
\ j
\/
\l
ATP
ADP
ATP
ATP
\ / S ^  ADP 
Glucose-6-phosphate
NAD V
/  /  ADP
Fructose-1, 6-diphosphate
Aldolase
NADH--— 
6-Phosphogluconic acid 
NAD 
NADH —
Ribose-5-phosphate +
Pentoses
C02
, \i/ ■ 
Xylulose-5-phosphate
Pi
Phosphoketolase
Glyceraldehyde- .r Dihydroxyacetone 
3-phosphate phosphate
Pi
NAD <:
NADH
1, 3-Diphospho- 
glyceric acid
ADP
ATP
ADP
sy  a tp
Pyruvate
NADH
NAD —
Glyceraldehyde- 
3-phosphate 
Pi
NAD
\J/^NADH-
1, 3-Diphospho- 
glyceric acid
ADP
ATP
ADP
\ |/  ^  ATP 
Pyruvate
NADH,
Acetyl
phosphate
NADH<
NAD.
Acetaldehyde
NADH.
NAD
Ethanol
Lactic acid Net gain ■ 2 A T P  
2 Lactic acid/glucose 
molecule fermented
Lactic acid
N A D  Net gain - 1 A T P
(1 Lactic acid + 1 ethanol + 1C02)/ 
glucose molecule fermented
Minor products (acetic acid^fbrmic acid,glycerol) from 
alternate pathways
Figure 2.1 The fermentation of glucose in
homofermentative and heterofermentative 
lactic acid bacteria
Adapted from Brock and Madigan, (1988)
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The difference observed in the fermentation products are 
determined by the presence or absence of the enzyme 
aldolase, one of the key enzymes in glycolysis. The 
heterofermenters, lacking aldolase, cannot break down 
fructose diphosphate to triose phosphate. Instead, they 
oxidize glucose-6-phosphate to 6-phosphogluconate and then 
decarboxyl ate this to pentose phosphate, which is broken 
down to triose phosphate and acetyl phosphate by means of 
the enzyme phosphoketolase (refer to Figure 2.1).
2.2 Lactic Acid Fermentation.
Fermentation is one of the oldest and most economical 
methods of producing and preserving food. Microbial 
fermentations have played an important role in food 
processing for thousands of years. Yogurt and cheese were 
cultured in Egypt in the days of the Pharaohs while 
vegetables were preserved by fermentation as early as the 
building of the Great Wall of China in the Third century 
B.C. (Mensah, 1989). Fermentation provides a way to 
preserve food products, to reduce volume of material to be 
transported, to destroy undesirable factors, to enhance 
nutritive value, to improve appearance and taste of some 
foods, to salvage material otherwise not usable for human 
consumption, to reduce energy required for cooking, and to 
make a safer product (Hesseltine & Wang, 1979; Beuchat, 
1983). The type of raw materials used for fermentation, 
methods or condition of fermentation, and sensory qualities 
of finished products vary greatly from culture to culture
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in various regions of the world, but technologies for the 
commercial production of fermented products from milk, 
meat, fruits and vegetables are all fairly well developed 
(Reed, 1983).
In many products, the fermentation is natural, 
involving mixed cultures of bacteria, yeasts and moulds 
although starter cultures are increasingly used. The common 
bacteria associated with fermented food are species of 
Leuoconostoc, Lactobacillus, Lactococcus, Streptococcus, 
Pediococccus, Micrococcus, and B a d  77us. The common mould 
species involved are Aspergi11 us and Rhizopus, although the 
species of Paecilomyces, Cladosporium, Fusarium, 
PeniciIlium, and Trichothecium are also involved in certain 
products. Yeasts (such as Saccharomyces ) are the principal 
micro-organisms involved in the fermentation of bread and
alcohol, while moulds are important in some cheeses.
Bacteria are usually involved in the fermentation of 
cereals and animal products. The two major types of 
bacteria important in cereal and tuber fermentation are 
lactic acid producing bacteria and acetic acid producing 
bacteri a (Tomki ns et al. 1990).
During fermentation, micro-organisms carry out 
catabolic processes by altering the organic components of 
food to obtain energy for their growth. Carbohydrates,
especially simple sugars, provide the most readily
available source of energy, so storage material in food is 
broken down into smaller units, accompanied by small 
changes in the oxidation-reduction (redox) potential. The
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simple substrates are then ckcwCcl- to 2 or 3 carbon units. 
In a single fermentation, many types of micro-organisms may 
be involved, each fulfilling a particular role. Each 
organi sm i s responsi ble for a distinct change or series of 
changes in the entire process.
Although sugars supply the energy needed for 
metabolism, other nutrients, including proteins, lipids, 
vitamins, and minerals, are essential to (bacterial) cell 
maintenance. Other intrinsic and extrinsic parameters which 
affect the growth of fermenting micro-organisms include pH, 
moisture content, redox potential, and temperature (Tomkins 
et a 7. 1990) .
2.3 Advantages of Lactic Acid Fermentation.
2.3.1. Improved taste and acceptibility.
Although little is known about the specific effects of 
fermentation on flavour, Tomkins et al. (1988) reported
that in eastern and southern Africa, the local people 
preferred the sweet/sour fermented porridges to bland, 
unfermented porridges. This quality of fermented porridges 
has implications for feeding anorexic children. In some 
societies fermented porridge is believed to be the best 
weaning food for infants or specially prepared as an 
appetising dish for sick people (Sserunjogi & Tomkins, 
1990).
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2.3.2 Reduction in viscosity.
A reduction in viscosity may occur during the 
fermentation of some foods. For example, porridge prepared 
from air-fermented cassava flour has a lower viscosity than 
that prepared from unfermented cassava flour (Mlingi, 
1988). Sarasa & Nath (1985) observed a decrease in 
viscosity during a 20 h fermentation of blends of rice or 
common millet with black gram and French bean meals.The 
reason for this is probably due to the presence of amylase- 
producing micro-organisms. The amylases break down starch 
to simpler sugars, so releasing bound water and reducing 
viscosity. The possession of amylase is not a common 
characteristic in the lactic acid bacteria but a number of 
amylolytic lactic acid bacteria have been described (Brock 
& Madigan, 1988).
The decrease in pH which occurs during the 
fermentation of some foods may, however, prevent a 
reduction in viscosity, as below pH 4 the activity of 
amylase i s i^hi bi t e d . Gall at (1989) found some decrease in 
viscosity if sorghum porridges were fermented prior to 
cooking where the drop in pH was relatively small but no 
reduction if a raw flour/water slurry was fermented before 
cooking and pH decreased markedly.
2.3.3 Improved nutritional properties.
The relative nutritional value of grains including 
wheat, barley, rice, millet, sorghum and maize can be 
increased through natural lactic acid fermentation (Hamad
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& Fields, 1979)
2.3.3.1 Changes in proteins and amino acids.
Chavan et a7. (1988) observed that the protein content
of sorghum increased from 11.4 to 12.8% and that of sorghum
plus green gram from 14.9 to 17% within the first 24 h of
fermentation. Chavan et a 7. (1988) also observed that a
significant increase in water-soluble protein (albumins
plus globulins) and free amino acids of sorghum, green
-hodk plqce,
gram, and sorghum plus green gram blend^within the first 24 
h of fermentation. Subsequent fermentation up to 4 days, 
however, did not increase the soluble proteins and free 
amino acids content markedly.
When mixed with water and permitted to undergo 
fermentation at either 25 or 37°C, the nutritional value of 
the grain increased. Additionally the lysine content of the 
oats, rice, millet, maize and wheat increased 
significantly. The greatest increases were observed during 
the fermentation at 37°C.-Corn-submitted.to.cf natural "lactic 
acid fermentation also increases in relative nutritive 
value (Lay & Fields, 1981; Nanson & Fields, 1984). During 
fermentation of sorghum, however, lysine and methionine 
availability was shown to increase (Au & Fields, 1981) with 
no increase in niacin and riboflavin content reported. The 
improvement of the relative nutritive value was primarily 
due to increases of the availability of the essential amino 
acids.
Tongnual et al. (1981) observed a significant increase
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in the free essential amino acids during a first 3 days of 
natural fermentation of corn meal by proteolytic bacteria. 
Among the amino acids released during fermentation, the 
highest values were 30% for lysine and 20% for methionine. 
The values for other essential and non essential amino 
acids ranged from 2.7 to 17.7%. Both lysine and methionine 
are limiting amino acids in cereals and legumes, 
respectively. It was suggested that a biochemical 
mechanism, such as transamination, might be operating 
during fermentation to explain the presence of high levels 
of free limiting amino acids. A natural lactic acid 
fermentation of rice meal with or without hulls produced a 
significant increase in isoleucine, lysine and % relative 
nutritive value (Tongnual & Fields, 1979). Mbugua (1986) 
noted significant increase in riboflavin and tryptophan in 
fermented uji (a Kenyan maize-based porridge) though lysine 
levels dropped dramatical1y. A possible explanation for the 
changes in amino acid profiles is the presence of micro­
organisms in the fermented product.
2.3.3.2 Changes i n carbohydrates.
Carbohydrates, particularly starch and soluble sugars,
+0.
are principal substrates for fermen^tioiA. ; .— Hence,
significant degradation and a subsequent decrease in starch 
content are expected to occur during natural fermentation 
of cereals.' El-Tinay et a7.(1979) studied the changes in 
starch, sugars and crude fiber in sorghum during an 18 h 
fermentation (pH 3.7) at 28 to 29° C. There was an 
appreciable decrease in starch during the first 6 h of
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fermentation. The initial drop in starch content was 
attributed to the action of microbial alpha and beta 
amylases. The starch degradation was almost terminated 
after 12 h due to a decrease in the pH thereby inhibiting 
the activity of the amylases. May be it was also the 
presence of amylolytic bacteria which were not lactic acid 
bacteria were inhibited once the lactic acid bacteria 
dropped the pH. Total sugars decreased during the first 3 
to 6 h of fermentation. This decrease, in spite of the 
expected increase in soluble sugars might be due to 
microbial utilization of released sugars as a ready source 
of energy. The crude fibre content was found to increase 
significantly during the fermentation.
Kazanas & Fields (1981) and Chavan (1988) observed 
that the starch and fibre, contents decreased while the 
reducing sugars increased significantly during natural 
fermentation of sorghum in 4 days. However, when 
fermentation was continued up to 7 days a significant 
decrease in the contents of soluble sugars was observed. 
The availability of starch increased significantly due to 
natural fermentation. The decrease in fibre, content during 
fermentation has been attributed to the partial 
solubilization of cellulose and hemicel 1ulose type of 
material by microbial enzymes.
2.3.3.3 Changes in lipids.
Most reports on natural fermentation of cereals are 
related to changes in proteins, amino acids, and B-group
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vitamins. This may be due to the fact that these grains are 
generally low in fat. Kazanas & Fields (1981) did not 
observed any significant changes in the crude fat content 
of sorghum after natural lactic acid fermentation for 4 
days. Chavan (1988) found a slight increase in the crude 
fat content of sorghum and sorghum plus green gram blend 
during natural fermentation. Although the lipid content is 
quite low in most cereals, the availability is not 
generally a serious nutritional problem. Changes in lipid 
fractions during bacterial or fungal fermentation may, 
however/influence the functional and sensory properties of 
fermented meals and meal products.
2.3.3.4 Changes in minerals.
Cereals are good sources of dietary minerals in a 
vegetarian diet. Both content and availabilty of mineral 
elements are important. Kazanas & Fields (1981) did not 
find any significant change in total ash content of sorghum 
due to fermentation. Chavan (1988) also could not find any 
definite trend in total ash during 7 days of fermentation 
of sorghum and sorghum plus green gram blends. The changes 
in individual minerals during fermentation of rice, black 
gram, and rice plus black gram blend were studied by Reddy 
& Salunkhe (1980). No apparent changes were observed in the 
concentration of calcium, magnesium, total phosphorus, 
zinc, and iron. The inorganic sulphur content was, however, 
significantly decreased after 45 h of natural fermentation 
of rice, black gram and their blend. The decrease in
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sulphur might be due to its metabolism by microorganisms 
during fermentation.
Iron availability is limited in cereals due to the 
presence of phytate which binds with iron, producing a 
mineral-phytate complex of low solubility. Using an i n 
vitro method to measure soluble iron, white sorghum based 
slurries were subjected to lactic fermentation after either 
dehulled or germinated flour was soaked for 12 hours 
(Svanberg & Svanberg, 1988). The amount of soluble iron was 
doubled using dehulled flour in combination with 
fermentation and increased six times using germinated flour 
followed by fermentation. The increases were correlated 
with a reduction in phytate and thought to be due to the 
activation of enzymes which breakdown phytate.
2.3.3.5 Changes in vitamins.
Although, the natural lactic acid fermentation of 
cereals and cereal-legume blends has been found to improve 
the contents of certain B-group vitamins . c o n s i d e r a b l e  
variations were observed in different reports. The increase 
or decrease of vitamins varied with the nature of the raw 
materi al, nature of mi crof1 ora, temperature, and methods of 
determination for these vitamins (Chavan & Kadam, 1989).
Au (1979) found that the thiamin content decreased at 
25°C during a 4 days fermentation of sorghum, whereas the 
nonfermented and fermented samples at 35°C did not vary 
significantly. The thiamin, riboflavin, and niacin contents 
increased significantly during natural fermentation of
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sorghum, pearl millet, and ragi. Murdock & Fields (1984) 
observed a significant increased in the contents of vitamin 
B12j folacin, riboflavin and pantothenic acid during a 4 
days natural fermentation of corn meal. However, there were 
no appreciable changes in biotin, pyridoxine, thiamin, 
choline, and niacin contents.
Zamora & Fields (1979) reported a significant increase 
in riboflavin and a significant decrease in niacin in both 
fermented cowpeas and chickpeas. Tongnual & Fields (1979) 
reported a significant increase in riboflavin in fermented 
rice meal whereas there was a significant decrease in 
ni aci n and thi ami n . El-Ti nay et a 7. (1979) observed a
slight increase in thiamin, a greater increase in niacin in 
fermented sorghum meal, with no appreciable change in 
riboflavin. These reports indicate that the changes in B- 
group vitamins due to natural fermentation of cereals and 
cereal-1egumes blends are influenced by several factors.
Fermentation has been reported to increase folic acid 
i n buttermi 1 k, sour cream, yogurt, bifidus milk and kefir,* 
increase in niacin in yogurt, cottage cheese and Cheddar 
cheese; increase riboflavin in yogurt; increase Bj2 in 
cottage cheese, and increase B6 pantothenic acid in cheddar 
cheese (Shahani & Chandan, 1979; Deeth & Tamime, 1981; Aim, 
1982). Thiamin and riboflavin have also been shown to 
increase during the preparation of 1actobaci11i-fermented 
products Idli and Khaman (Rajalakshmi & Vanaja, 1967).
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2.3.4 Antimicrobial properties.
The major properties of lactic acid bacteria 
attributed with inhibitory properties for other organisms 
are the production of low pH, organic acids (lactic and 
volatile acids), hydrogen peroxide, diacetyl and 
antibiotic-like compounds (bacteriocins).
2.3.4.1 Low pH and production of organic acids.
During fermentation, pH decreases with a concomitant 
increase in acidity as the lactic acid accumulates. During 
natural fermentation, food-poisoning micro-organisms may 
also grow. To make fermented foods safe for consumption 
they must be fermented to reach a pH and/or acidity which 
is inhibitory to pathogen. An inhibitory pH range is 
considered to be 3.6 to 4.1 (Hamad & Fields 1979). The 
period required to reach this pH range in a lactic 
fermentation is governed by nature of fermenting material 
and its microflora, solidsrwater ratio, buffering capacity 
and temperature of fermentation.
Fields et al. (1981) investigated the influence of 
solidsrwater ratio on pH, titratable acidity and dry matter 
yields during fermentation of corn meal for 4 days at 37° C. 
The safe pH level was produced within 24 to 48 h. However, 
the proportion of water to solids in the fermenting medium 
significantly influenced the level of acidity and dry 
matter yields. With less water, higher levels of acids were 
present, inhibiting the flora. Hamad & Fields (1979) 
fermented different cereal meals in water (1:4 w/v) at 22
61
to 25 and 37° C . The pH of the fermenting slurry reached a 
safe level (pH 3.6 to 4.1) within 2 days. The titratable 
acidity, however, varied markedly (0.84 to 1.46%) among the 
cereals. More acid was produced at 37°C than at 22 and 25°C.
Zamora (1978) inoculated pathogenic organisms, viz., 
Bacillus cereus and Staphyloccocus aureus into Y ? 
fermenting beans and found that these food-poisoning 
bacteria survived for the first 24 h and were almost 
eliminated only after 4 days. However, there are 
significant differences in the pattern of changes in pH and 
acidity between cereals and legumes. In cereals, a safe pH 
value is usually reached within 2 days with more than 1% 
acidity, while in legumes, the pH remains around 4.2 even 
after 4 days and the level of acidity produced varies 
significantly because of their differing buffering 
capacities. Hence, an optimum fermentation period for 
cereals may be up to 2 days and for legumes up to 3 to 4 
days at 30°G.
Lactic acid is the major catabolite produced by lactic
acid bacteria but may not be the most inhibitory acid
produced. Citric acid was more inhibitory for Salmonella
typhimurium than lactic acid whereas acetic acid was more
S+aph.
inhibitory for A aureus (Subramanian & Marth, 1968).
Goepfert et al. (1968) concluded that the decline of
salmonellas, depended on the pH. Daly et al. (1972)
Qjcid$
reported that lactic and acetic/ produced by Strep.
£+apk*
diacetilactis inhibited X  aureus but these acids did not 
account for all the inhibition observed.
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The antimicrobial action of acetic and lactic acids 
appears to be the result of the ability of the lipophilic, 
undissociated acid molecules to diffuse freely through the 
bacterial plasma membrane. In the higher pH environment of 
the cytoplasm, the acid dissociates to release protons and 
conjugate base, which are unable to leave the cell because 
of the impermeability of the membrane to charged molecules. 
This causes the membrane to become permeable and disrupts 
its other functions including energy generation, 
biosynthesis^ transport and secretion; as a result of. which 
the cell will cease to function. Disruption of the proton 
motive force due to the dissociation of the acid molecules 
in the cytoplasm is the most likely cause of growth 
inhibition and cell death (ICMSF, 1980).
The antimicrobial action of an organic acid
depends upon the pH of the external medium and its pKg 
value. The relationship between pH and pK. can be summarisedC
in the Henderson-Hasselbalch equation:
[A']
pH = pKa + log  ------- ---
[HA]
The pK„ value of acetic and lactic acids are 4.75 and
Q
3.86 respectively. Therefore, lactic acid is a stronger 
acid than acetic acid, thus acetic acid would be expected 
to be a more potent antimicrobial since a greater 
proportion would be undissociated (Adams & Hall, 1988). It
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has been shown that acetic acid is more inhibitory toward 
Salmonella than ±s an equal concentration of lactic acid 
(Gilliland, 1985).
2'-.3.4.2 Hydrogen peroxide.
Hydrogen peroxide produced by lactic acid bacteria has 
been identified as contributing to the inhibitory activity. 
The production of the hydrogen peroxide by lactic acid 
bacteria varies between strains and is dependent upon the 
availability of oxygen (Collins & Aramaki, 1980; Lindgren 
& Dobrogosz, 1990). The ability of lactobacilli to generate 
hydrogen peroxide during growth is shown in Figure 2.2 .
Figure 2.2 Mechanisms of hydrogen peroxide generation by 
lactic acid bacteria (Daeschel, 1989).
Pyruvate + 0^      > acetyl phosphate
+ PO^  pyruvate oxidase + CC^  + H2O2
Lactate + O2   pyruvate .+.
L-lactate oxidase
Lactate + 02     > pyruvate + H 2O2
NAD-independent 
D-lactate dehydrogenase
NADH + H+ + 02  :------------ NAD + H202
NADH oxidase
The antimicrobial activity of hydrogen peroxide is well
recognised as it can react with other components to form
inhibitory substances. For example in milk, hydrogen
peroxide generated by lactic acid bacteria can react with
iw a
endogenous thiocyanate, ^ which is catalyzed by
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lactoperoxidasej to form intermediary oxidation products 
inhibitory to microorganisms (Reiter & Harnulv, 1984). 
Dahiya & Speck (1968) showed that S. aureus was inhibited 
by peroxide produced by Lc. lactis and Lb. bulgaricus. 
Similarly Price & Lee (1970) found hydrogen peroxide 
inhibitory to Pseudomonas spp. .Both of these organisms 
are active producers of catalase. Gilliland & Speck, (1977) 
suggested that hydrogen peroxide was partially responsible 
for the antagonistic effects of Lb. acidophilus on food- 
borne pathogens, both aerobic, catalase-positive and 
anaerobic, catalase-negative organisms.
The bactericidal effect of has also been
attributed to its strong oxidizing effect on the bacterial 
cell (Fooster et al, 1957) and to the destruction of basic 
molecular structures of cell proteins (Sykes, 1965).
2.3.4.3 Diacetyl.
Diacetyl (2,3-butanedione) is a metabolite end product 
of lactic acid bacteria that is synthesized from the 
intermediary metabolite, pyruvate (Kandler, 1983) . Certain 
species from all four genera of lactic acid bacteria have 
this synthetic ability. According to Jay (1982) diacetyl 
interferes with arginine utilisation by reacting with the 
arginine-binding protein of Gram-negative bacteria. It has 
an inhibitory effect at a level of 200 ug/mL for yeasts and 
Gram-negative bacteria, and at 300 ug/mL for non-lactic 
Gram-positive bacteria (Jay, 1982). Although diacetyl is 
generally recognized as safe (GRAS) its utility as a food
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preservative is limited because of the relatively large
(XC-f IDIA y
amounts . needed to provide preservative^and because of 
its intense aroma which would preclude it being used in 
many foods (Daeschel, 1989).
2.3.4.4 Bacteriocins.
Bacteriocins are defined as protein-containing 
macromolecules which exert a bactericidal mode of action on 
susceptible bacteria (Tagg et al., 1976), are produced by 
many strains of lactic acid bacteria. Other characteristics 
may include: (1) a narrow inhibitory spectrum of activity
centred about closely related species; (2) attachment to
specific cell receptors; and (3) plasmid-borne genetic 
determinants for their bacteriocin production and for host 
cell bacteriocin immunity.
The most widely known . 'S nisin, produced by strains 
of Lc. lactis subsp.lactis which exhibits a broad spectrum 
of inhibitory activity against gram-positive organisms 
including bacterial spores (Stevens et al. 1991) . Blackburn 
et al. (1989) reported that nisin used in combination with 
a chelating agent exhibit a bactericidal effect towards 
both gram-positive and gram-negative bacteria. Kordel & 
Sahl (1986) showed that E. coli exhibited nisin 
sensitivity when the outer membrane uools v altered by 
treatments such as osmotic shock. In addition,, nisin has 
been used to inactivate thermophilic spoilage organisms in 
canned goods and to extend the shelf life of milk and dairy 
products (Delves-Broughton, 1990). The bactericidal action
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of nisin occurs in the cytoplasmic membrane of vegetative 
cells (Kordel et al. 1989). Cellular damage can range from 
the loss of the proton motive force to the disruption of 
the cellular integrity of the membrane. Gram negative 
bacteria are not generally sensitive to nisin (Spelhaug & 
Harlander, 1989).
Several other lactic acid bacteria produce 
antibiotics, e.g. lactobacillin, lactocidin or acidolin by 
Lb. acidophilus (Sabine, 1963) or acidophilin (Shahani et 
al. 1976). Other bacteriocins that have been investigated 
and characterized were from Lb. fermentum (DeKlerk, 1967; 
DeKlerk & Smit, 1967), Lb. helveticus (Upreti & Hindsdill, 
1973; 1975; Joerger and Klaenhammer, 1986), Lb. acidophilus 
(Barefoot & Klaenhammer, 1983; 1984; Muriana & Klaenhammer,
1987), Lb. plantarum (Daeschel et al. , 1986; West & Warner,
1988), Pediococcus acidilactici (Gonzales & Kunka, 1987; 
Bhunia et al. , 1987; Ray et al. 1988; Hoover et al. , 1988) 
and P. pentosaceus {Daeschel & Klaenhammer, 1985; Graham & 
McKay, 1985).
2.4 Disadvantages - Lactic Acid Acidosis ?
Although previous work has suggested that lactic 
fermentation can improve the bacteriological safety of 
weaning foods, there are problems with this approach. 
During lactic fermentation, the lactic acid produced . 
as a rule is a racemic mixture of the D(-) and L( + ) 
isomers. It is now recognised that mammals can utilise only
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the L(+) isomer. The D(-) isomer is excreted, or, 
particularly in the case of infants, can even lead to 
acidosis (Droese & Stolley, 1964).
Peretz et al. (1964) defined lactic acidosis as being 
present when the arterial pH was less than 7.30 in the 
presence of an arterial lactate concentration above 1.3 
mmol/1. Oliva (1970) considered lactic acidosis to be 
present when the arterial pH was below 7.37 and the blood 
lactate concentration above 2 mmol/1, other causes of 
acidosis being absent.
Goldmann et al . , (1960) cites a study which
demonstrated metabolic acidosis in infants fed with milk 
acidified with racemic lactic acid. At least half of the 
lactic acid given could not be metabolized, metabolic 
acidosis ensued and lactate was found in the babies’ urine.
In a separate study, healthy babies were fed with milk 
formulae acidified with 0.4-0.5% DL-lactic acid for 
periods of 10 days, during the first 3 months of their 
life. An increase in the titratable acidity of the urine 
and lowering of urinary pH was observed. Babies on "milk 
rich” formula (4/5 milk mixture) excreted twice as much 
acid in the urine as babies on diets containing less milk 
and approximately 33% developed acidosis. Clinical 
manifestations were : decrease in the rate of body-weight 
gain and decrease in food consumption. On replacing the 
acidified diet with "sweet milk” diet, these effects were 
reversed very rapidly (Droese & Stolley, 1964).
When 0.35% DL-lactic acid was administered to healthy
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babies from the tenth to the twentieth day of life, a 
three-fold increase in the urinary excretion of the 
physiological L(+) lactic acid and a twelve-fold increase 
in the D(-) lactic acid was observed. On withdrawing 
lactic acid from the diet the level of lactic acid excreted 
in the urine returned to normal. Since the racemic mixture 
used consisted of 80% of the L(.+ ) form and 20% of the 
D(-) form it seems that the metabolism of the D(-) form by 
the young full-term baby is more difficult than the L( + ) 
form. The increase in the urinary excretion of either form 
of lactic acid indicated that the young infant cannot 
utilize lactic acid at a rate which can keep up with 0.35% 
in the diet. A number of babies could not tolerate lactic 
acid. In such cases, there was rapid loss of weight, 
frequent diarrhoea, reduction of plasma bicarbonate and 
increased excretion of organic acid in the urine. All these 
effects were reversed on withdrawing lactic acid from the 
diet (Droese & Stolley, 1965a,b).
,WH0 (1967 ) therefore recommended that neither D(-) nor 
DL lactic acid be added to food for infants. A daily limit 
of 0-100 mg/kg body weight for the intake of D (— ) lactate 
by adults was recommended. No limit need to be set for 
the acceptable daily intake for man of the L(+) isomer of 
lactic acid.
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2.5 Aims of the Project.
This project was undertaken to investigate the 
inhibitory effect of lactic acid fermentation in cereal- 
based weaning food on the growth and survival of 
diarrhoeagenic pathogens which are prevalent in developing 
countries.
The project investigated three important areas:-
1. The use of rice-based porridge and its 
saccharification using diastatic malt extract (DME) and 
ragi (a starter culture for tapai-fermented rice).
2. The efficacy of L-lactate producing lactic acid 
bacteria compared with DL-producing organisms.
3. The possibility that production of the bacteriocin 
nisin could play a useful role in enhancing antimicrobial 
activity in such systems.
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CHAPTER 3
3.0 GENERAL MATERIALS AND METHODS.
3.1 Microbiological Methods.
3.1.1 Microbial cultures.
3.1.1.1 Pathogenic bacteria.
Escherichia coli ATCC 25922, Salmonella typhimurium 
USCC 305, Shi gel!a sonnei USCC 2006, Staphylococcus aureus 
ATCC 25923 and Bacillus cereus USCC 10 were provided by the 
Microbiology Department Culture Collection, University of 
Surrey. Stock cultures were maintained on nutrient agar 
(NA) (Oxoi d , Basi ngstoke, U .K.) si opes after i ncubati on at 
30 °C for 2 days and stored at 4°C. The bacteria were 
subcultured weekly before being used.
3.1.1.2 Lactic acid bacteria (LAB).
Lactococcus lactis NCIB 497, Lactobaci1lus plantarum
'Vegestart 60' (Christian Hansen's Lab, Denmark), and 
Leuconostoc mesenteroi des ATCC 8293 and Lactobaci77us 
salivarius No.2253 were provided by the Microbiology 
Culture Collection. Lactobacillus alimentarius No. 2329, 
Lactobacillus bavaricus Uo. 2588 and Lactobacillus casei 
subsp. casei No. 161 were obtained from the National 
Collection of Food Bacteria, AFRC Institute of Food 
Research, Shinfield, Reading. Stock cultures were 
maintained on de Man, Rogosa, Sharpe (MRS) Agar (Oxoid) 
slopes after incubation at 30°C in a candle-jar for 2 days
and stored at 4°C. The bacteria were subcultured weekly 
before being used.
3.1.2 Overnight broth culture.
Previous to being used in an experiment, a colony was 
picked from a slope and resuspended in . nutrient broth 
(Oxoid) for the pathogens, and in MRS broth (Oxoid) for the 
lactic acid bacteria. The broth was then incubated at 3 7 °C 
(for pathogens) or 30°C in a candle-jar (for LAB), for 24 
hours. A loop was streaked out on a nutrient agar (for 
pathogens) and on MRS agar (for LAB). The plates were 
incubated at 37°C for 24 hours and at- 30°C (in a candle- 
jar) for 48 hours. A pure colony was picked and resuspended 
in nutrient broth (for pathogens) and MRS broth (for lactic 
acid bacteria) and incubated at 37°C and 30°C (in candle- 
jar) respectively, for 18 to 22 hours to reach a late 
exponential phase. The cultures were confirmed using API 
20E (for pathogens) and API 50CH (for LAB) (API-bioMerieux 
(UK) Ltd). These cultures were ready to be inoculated into 
the cooked porridge after appropriate dilution in Maximum 
Recovery Diluent (MRD), (Oxoid). Porridge was inoculated at 
a level of 1ml of inoculum to 100g of porridge.
3.1.3 Preparation of diastatic malt extract (DME).
DME (Diamalt 400L, British Diamalt) was diluted in
sterile distilled water in the ratio of 1:1 (w/v) mixed and 
stored in a sterile bottle at 4°C for future use. The 
solution was brought to room temperature before adding to
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the porridge at 1mV for every 100g porridge used.
3.1.4 Preparation of ragi.
Ragi (Malaysian ragi tapai, bought at the local store 
in Maiaysia) in a form of a small grey-white bal 1 about 3cm 
in diameter, was crushed into powdered form and weighed out 
according to the experiment and mixed thoroughly with cool 
rice porridge (30°C) and fermented for 24 h at 30°C. The 
history of the ragi was not known.
3.1.5 Preparation of rice porridge.
To prepare rice porridge, 100g of'rice (American Long 
Grain, J. Sainsbury) was cooked with 1 litre of distilled 
water for 45 minutes to produce a porridge of normal 
viscosity. The highest temperature reached during cooking 
was measured as 102°C, which was maintained for about 20 
minutes.The porridge was stirred while cooking. When 
cooked, while still hot, the porridge was divided into 
several portions (as required for the experiment) of 100g 
each and dispensed into sterile^ beakers and covered with 
sterile aluminium foil to avoid any recontamination and 
allowed to cool to 30°C when DME or ragi was added (if 
required in the experiment) and mixed thoroughly. Following 
addition of saccharifying agent, the overnight broth 
cultures of bacteria were inoculated at appropriate 
concentration as required by the experiment. The porridge 
was then incubated at 30°C for 24 to 30 hours in a "  
water bath. Samples of porridge were removed aseptically
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during incubation periodically, and examined for the viable 
cells, change in pH and titratable acidity, concentration 
of lactic acid, glucose, ethanol and nisin where 
appropri ate.
3.1.6 Preparation of prefermented rice porridge.
Prepared rice porridge was inoculated from an
overnight broth culture of the required lactic acid 
bacterium at 1ml/100g porridge and mixed thoroughly. The 
porridge was incubated in a water-bath at 30°C for 24 hours. 
After 24 h the porridge was ready for inoculation with test 
pathogens and was then incubated at 30°C in water bath for 
a further 24 h. Samples were removed asepti cal1y at 
intervals during incubation for chemical and 
microbiological analyses.
3.1.7 Enumeration.
10g of sample was mixed with 90ml of MRD in a 
stomacher bag and homogenised for 1 minute using a Col worth 
Stomacher 400 (Seward & C o .Ltd., London, U.K.) to 
distribute the bacteria in the sample. The mixture was 
diluted using serial dilutions in. 9ml. MRD. Enumerations of 
E. co7i, f\ typhimurium, and Shsonnei were carried out by a 
spread-plate method using 0.1ml of appropriate sample 
dilutions on Tryptone Soya Agar (TSA) (Oxoid) plates and 
overlay with Violet Red Bile Glucose Agar (VRBGA) (Oxoid) 
after 2 h of incubation at 37°C. The plates were incubated 
at 37°C for 24 hours. /\ aureus was enumerated using Baird-
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Parker (Oxoid) plates incubated at 37°C for 24 to 48 hours. 
Enumeration of B.cereus employed TSA pour plates. Lactic 
acid bacteria were enumerated as spread-plates on MRS Agar 
plates incubated in a candle jar at 30°C for 48 hours. Al1 
the plates were counted for the viable cells and reported 
as colony forming units per gram (cfu/g).
3.2 Chemical Methods.
3.2.1 : pH. -.-:-
Five gram of sample was mixed with 50ml of distilled 
water and pH was measured using a pH meter (PTI-55, Aqua 
Scientific, U.K) with Expoxy Body-gel filled electrode. pH 
reading was recorded.
3.2.2 Titratable acidity.
Five gram of sample was mixed with 50ml of distilled 
water and titrated against 0.1M NaOH (BDH) using 
phenol phtal ei n (BDH) as indicator until it reachecj end 
point up to pH 8.5, while stirring continuously. Acidity 
was reported as % titratable acidity as 1 actate.
3.2.3 Determination of the concentration of D/L- 
lactic acid, D-glucose and ethanol using enzyme 
assay.
Ten gram of sample was weighed into a stomacher bag 
and homogenised for 1 minute. Five gram was dispensed into 
a test tube and mixed with 10ml of hot-water. The tube was 
placed in a 70°C hot-water bath for 15 minutes to stop the
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enzyme reactions. Then the sample was transferred into a 
50ml vol umetri c f 1 ask and fill ed up to the mark wi th 
distilled water. The sample was mixed and filtered using 
Whatman no. 1 filter paper. The clear filtrate was used for 
the enzyme assay according to the instructions supplied by 
the company (Enzyme Assay D-Lactic acid/L-Lactic acid Gat. 
No. 1112821; D-glucose Cat. No. 716251; and Ethanol Cat. 
No. 176290 Boehringer, Mannheim) (Refer to the Appendix for 
principles of enzyme assay). Concentration was reported as 
mg/g sample.
3.2.4 Determination of reducing sugars in porridge 
using Dinitrosalicylic acid assay (DNS).
The concentrations of reducing sugars were determined 
col ori metri cal1y .
The reagent was prepared by dissolving 0.25 g og 3,5- 
di ni trosali cycli c acid (SIGMA Chemi cal Company, U .S .A . ) and 
75 g of sodium potassium tartrate (Rochelle salt) (AnalaR, 
BDH) in 50 ml of 2 M sodium hydroxide (AnalaR), (made by 
dissoving 4 g NaOH in 50 ml water) and then diluting to 250 
ml with distilled water.
To 100 ul volumes of samples, standards and controls,
1.0 ml of the reagent was added and mi xed thorough 1 y . The 
mixtures were then heated at 100°C for 10 minutes. After 
rapid cooling to room temperature, the absorbance was 
determined at 570nm using a Spectrophotometer (SP6-450 
UV/VIS, Pye Unicam)
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3.3 Experimental Protocols.
3.3.1 Determination of the growth of diarrhoeagenic 
pathogens and lactic acid bacteria.
Prepared rice porridge was inoculated with appropriate 
serial dilutions of an overnight broth culture of bacteria 
to give approximately 10^ viable bacterial/g. The porridge 
was stirred with sterile spatula to distribute the bacteria 
evenly. All samples were i ncubated i n dupli cate at 30°C for 
24 to 30 hours. During incubation, the samples were removed 
aseptical1 y , the growth, pH, titratable acidity and lactic 
acid concentration were determined periodically.
3.3.2 Determination of the inhibitory effects of 
lactic acid bacteria on the growth of
diarrhoeagenic pathogens.
Prepared rice porridge was inoculated with appropriate 
seri al di l ution's, of mixed cul ture of tested lactic acid 
bacteria and tested pathogens. The porridge was stirred 
with sterile spatula to mix and distribute the bacteria 
evenly. All the samples were incubated in duplicate at 30°C 
for 24-30 hours. During incubation the samples were removed 
aseptically, the growth, pH, titratable acidity and lactate 
concentration were determined periodically.
3.3.3 Determination of the growth of pathogen in 
acidified rice porridge at different pH levels.
Cooked rice porridge was sterilised and acidified to 
pH values between pH 3.0-6.0 with 0.1M lactic acid (AnalaR)
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(filter-sterilised refluxed for 5 h to hydrolyse 
anhydrides). Appropriate serial dilutions of tested 
pathogen were, inoculated into the porridge to give 
approximately 102 bacteria/g. The porridge was stirred with 
sterile spatula to distribute the bacteria evenly. The 
porridge was incubated at 30° C for 24 h. During incubation, 
samples were determined for total viable count, pH, and 
titrable acidity periodically.
3.3.4 Determination of the growth of pathogen in
acidified + nisin rice porridge.
02-1°C for fc'wwS'O
Cooked ri ce porri dge was steri 1 i sed/^and aci di f i ed to
pH values between pH 3.0-6.0 with 0.1M lactic acid (AnalaR)
(filter-sterilised refluxed for 5 h to hydrolyse
anhydrides). Nisin (Ni sap!in) was added at a level of 110 
C l i o .
i • u/g/( Appropriate serial dilutions of tested pathogen was
c
inoculated into the porridge to give approximately 10 
bacteria/g. The porridge was stirred with sterile spatula 
to di stribute the bacteri a evenly. The porri dge was
incubated at 30° C for 24 h. During incubation, samples were 
determined for total viable count, pH, and titrable acidity 
peri odi cal1y .
3.3.5 Determination of the concentration of nisin in 
prefermented porridge using ELISA method.
3.3.5.1 Materials and methods.
Pure nisin, Nisaplin (calibrated against the
fiinternational reference preparation containing 37 x 10 i.u
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g'^) was obtained from Aplin & Barett Ltd, Trowbridge, UK. 
Horseradish peroxidase (type VI) and o-phenylene diamine 
were supplied by Sigma Chemical Co. , Poole, UK. Chemicals 
for phosphate-buffered saline were from BDH, Poole, UK. 
ELISA microtitration plates (Nunc Immunoplate I; Gibco, 
Paisley, UK) .were washed (Titertek S8/S12 plate washer; 
Flow Laboratoryes, Rickmansworth, UK.) and read with a 
Dynatech MR600 plate reader (Bi11ingshurst, UK).
3.3.5.2 Preparation of prefermented porridge 
samples for nisin analysis.
Cooked porridge was added with 1% of DME and 1% (1ml) 
of overnight broth culture of Lc. lactis. The porridge was 
mixed thoroughly and incubated at 30°C water-bath for 24 
hours. After 24 hours nisin was extracted from the samples.
3.3.5.3 Preparation of nisin extract from 
prefermented porridge.
Samples (5g ± 0.1g) weighed out and dispersed evenly 
in 5ml of 0.02M H C 1 . The pH was adjusted to 2.0 ± 0.01 and 
the sample was heated at 98°C for 10 minutes. After cooling 
to 20°C, the sample was centrifuged for 15 minutes at 4000 
x g. The supernatant was removed after standing for 30 
minutes. Recovery was determined by spiking the initial 
extract of nisin with a range of known concentrations of 
nisin. Samples were assayed in triplicate.
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3.3.5.4 ELISA procedure.
Microtitration plates were prewashed by soaking in 
coating buffer (0.1M carbonate-bicarbonate, pH 9.6) for 15 
minutes. Wells were coated with affinity purified antinisin 
IgG (5pg ml"^) in coating buffer (0.2 ml ■■well-1) and
incubated for 2 hours at 37° C in a plastic box lined with
damp paper (Falahee et al. 1990). After a two-hour
incubation, the plates were washed three times with 
phosphate-buffered sali ne (pH 7.4) contai ning 0.1% gel atin 
and 0.05% Tween 20 (PBSGT). Subsequently they were blocked 
for 1 hour with casein buffer (NaCl , 9;Tris,1.2;casein, 5(g 
1"^),pH 7.6) at 37°C and washed three times with PBSGT. 
Porridge samples (0.2 ml well'■ ) were added to the wells . 
The nisin standards were added in duplicate. The plates
were then incubated for 16 hours at 4°C. The plates were
washed three times with PBSGT, and 0.2 ml of the 
horseradish peroxidase conjugate (diluted 1:15000 [v/v] in 
PBSGT) was added to each well and the plates incubated for 
2 hours at 37°C. The plates were washed as before and 
0.15ml substrate solution (0.4mg ml^ o-phenylene diami ne i n 
0.024M citrate-0.05M phosphate buffer [pH 5.0] containing 
0.04 hydrogen peroxide) added. After 30 minutes at 37°C the 
reaction was stopped by the addition of 0.05 ml of 2. 5M 
fySO^ and absorbance read at 490 nm using the ELISA plate 
reader.
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3.4 Statistical Analysis.
Statistical analysis were done where appropriate to 
test the significance of the various treatments in the 
experiment. Analysis Of variance (ANOVA) was carried out to 
test the significance, between the groups and T-test to 
compare the significance, between the two groups of 
experi ments.
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CHAPTER 4
4.0 FERMENTATION STUDIES.
4.1 Materials and Methods.
(Main Materials refer to Chapter 3 and Methods refer 
to Flow Charts in the Appendix).
4.2 Results and Discussion.
4.2.1 Microbiology of raw rice.
Ten gram of raw rice was weighed and mixed with 90 ml 
of maximum recovery diluent (MRD) and a serial dilution was 
prepared. The appropriate dilution was spread out on NA and 
TSA plates for microbiological counts. After 24-48 h of 
incubation at 30°C, only 2.30 log cfu/g was counted on the 
NA and TSA plates.
4.2.2 Microbiology of rice porridge.
After cooking, (highest temperature reached during 
cooking was 102°C) the rice porridge (without anything 
added) was incubated at 30°C for 24 h. Results of counts on 
TSA and NA plates (Table 4.1) show that there was no growth 
detected (<2.00 log cfu/g). There was a slight change in pH
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but it was not significant. The results indicate that 
cooked rice porridge as prepared here is safe to be eaten 
over a period of 24 h provided no recontamination occurs 
after cooking.
Table 4.1 Microbiology of rice porridge incubated for 24 
h at 30°C.
Time
(hour)
NA piates 
(log cfu/g)
TSA piates 
(1og cfu/g)
pH
0 <2.00* <2.00 6.12
3 <2.00 <2.00 5.98
24 <2.00 <2.00 6.05
* No growth detected
4.2.3 Growth of pathogens and lactic acid bacteria
(LAB) in plain rice porridge (without Diastatic 
Malt Extract - DME).
To investigate the effects of contamination on the 
safety of weaning food after cooking and during storage,
w>aS
rice porridge^inoculated with appropriate serial dilutions 
of an over-night broth culture of diarrhoeagenic-causing 
pathogens (Escherichia coli, Salmonella typhimurium, 
Shigella sonnei and Stap/)y7ococcus aureus). Figure 4.1 
indicates that the pathogens grew well in rice porridge 
reaching a population of 8.59 log cfu/g (£. co 1 i), 8.46 1og 
cfu/g (S. typhimurium), 7.35 log cfu/g (S. sonnei), and 
8.55 log cfu/g (S. aureus) respectively, after 24 h of 
incubation at 30°C. The changes in pH were not significant 
(p> 0.1) (Table 4.2) .
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Table 4.2 Growth of pathogens in rice porridge without 
diastatic malt extract (DME) for 24 h at 30°C.
Ti me 
(hour)
E.coli 
(log cfu/g)
pH S.typhi muri urn 
(log cfu/g)
pH
0 2.84 7.27 2.35 7.27
3 4.42 7.14 4.22 7.16
6 6.04 7.18 5.43 7.20
24 8.59 7.07 8.46 7.23
Time
(hour)
S.sonnei 
(log cfu/g)
pH S.aureus 
(log cfu/g)
pH
0 2.70 7.27 2.25 7. 27
3 4.15 ‘ 7.1 4 3.99 7.14
6 5.69 7.16 5.15 7.19
24 7.35 7.14 8.55 6.89
Samples of cooked porridge were also inoculated with 
LAB, usi ng Lactococcus Tact is (Lc. Tact is), Lactobaci 77us 
plantarum (Lb. plantarum), and Leuconostoc mesenteroides 
(Leuc. mesentero i des). This was to make sure that LAB could 
ferment carbohydrate present i n the ri ce porri d g e . Figure
4.2 shows that LAB also grew well in rice porridge reaching 
>7.00 log cfu/g after 24 h of incubation. It seems that the 
low levels of fermentable carbohydrate in the porridge do 
not appear to affect the growth of LAB. Despite good growth 
of the LAB, the drop in pH was not significant (p >0.1), 
only between 0.1-0.3 pH units (Table 4.3).
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Fig.4.1 Growth of pathogens  
in rice porridge without DME
Log cfu/g
1 0
E.coli
S.typhimurium  
S.sonnei 
S.aureus
20
Time (hour)
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Fig.4.2 Growth of lactic acid bacteria  
in rice porridge without DME
Log cfu /g
Lb.p l an tar urn 
Lc.lactis
Leuc.mesenteroides
Time (hour)
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Table 4.3 Growth of LAB in rice porridge without and with 
diastatic malt extract (DME) for 24 h at 30°C.
Wi thout DME With DME
Time
(hour)
Lb.pi a n t . 
(log cfu/g)
pH Lb.pi ant. 
(log cfu/g)
pH
0 2.30 7.03 2.35 6.80
3 3.42 6.86 4.02 6.61
6 4.12 6.84 4.59 6.58
9 4.59 7.18 5.62 6.33
24 7.48 6.92 8.56 4.20
Ti me 
(hour)
Lc.1acti s 
(log cfu/g)
pH Lc. Tact is 
(log cfu/g)
pH
0 2.15 6.97 2.00 6.78
3 2.65 7.02 3.50 6.66
6 3.53 6.98 4.20 6.54
9 4.80 6.88 4.98 6.54
24 7.57 6.70 8.42 4.30
Ti me 
(hour)
L.mesen. 
(log cfu/g)
pH L.mesen. 
(log cfu/g)
pH
0 2.51 6.90 2.15 6.81
3 2.87 6.94 2.83 . 6.72
6 3.30 6.92 3.66 6.72
9 4.14 6.77 4.85 6.65
24 7.04 6.92 8.51 4.30
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4.2.4 Growth of pathogens and LAB in rice porridge 
with added Diastatic Malt Extract (DME).
In order to improve the fermentable sugar content of
weaning food, increase acid production and also to reduce
viscosity, DME (a source of amylolytic enzymes) was added
to the rice porridge after preparation and cooling to 30°C.
Incubation of the rice porridge at 30°C for 3 h with 0.5%
DME produced maltose equivalent to hydrolysis of 27.5% of
\ 6
the starch present (refer to Appendi x^ ) . Fi gures 4. 3 and 4.4 
show that both pathogens and LAB grew well in the rice 
porridge containing DME (Table 4.3 & Table 4.4).
With the pathogens, growth after -24 h in the presence 
of DME was reduced a little for f. co7f and S. typhimurium, 
improved by about 1.6 log cfu/g for S. sonnei and reduced 
by about 2.0 log cfu/g for S. aureus (Tab!e 4.5) . There was 
also a significant (p <0.01) decrease in pH after 24 h 
ranging f rom 1.18-1.79 pH units as compared to the pH of 
rice porridge without DME (Table 4.5).
Lactic acid bacteria increased between 6.21-6.42 log 
cycles in rice porridge with DME compared with an increase 
of between 4.53-5.42 log cycles in the plain porridge, 
after 24 h of i ncubati o n . There was a significant reduction 
in pH after 24 h, which was between 2.40-2.51 pH units, 
reaching values below pH 5 (Table 4.5). Therefore adding 
DME to the rice porridge improved the fermentable sugar 
content which improved LAB growth and produced a more 
useful decrease in porridge pH. It also had the effect of 
improving the consistency of porridge making it less
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viscous as the amylase acted on the starch degrading it to 
simple sugars.
Table 4.4 Growth of pathogens in rice porridge with
diastatic malt extract (DME) for 24 h at 30°C.
Time E. co 7 7 pH S .typhimuriurn pH
(hour) (log cfu/g) (log cfu/g)
0 2.54 6.81 2.74 6.81
3 3.77 6.88 3.76 6.90
6 4.97 6.84 5.47 6.82
24 8.24 5.03 8.56 5.02
T i me S.sonnei pH S.aureus pH
(hour) (log cfu/g) (log cfu/g)
0 2.39 6.85 2.54 6.85
3 3.90 6.88 3.47 6.89
6 5.50 6.87 4.87 6.83
24 8.68 5.21 6.83 5.67
Table 4.5 Changes in growth of pathogens and lactic
acid bacteria and changes in pH of porridge 
without DME and with DME.
changes in log cycles 
after 24 h (cfu/g)
decrease in pH units 
after 24 h
ri ce porridge rice porridge
Bacteri a No DME With DME No DME With DME
Pathogens
E.col i 5.75 5.70 0.20 1 .78
S .typh7. 6.11 5.82 0.11 1 .79
S.sonnei 4.65 6.29 0.13 1 .64
S.aureus 6.30 4.29 0.38 1.18
Lactic Acid Bacteria
Lc. lactis 5.42 6.42 0.34 2.48
Lb.pi ant. 5.18 6.21 0.11 2.40
L.mesen. 4.53 6.36 0.13 2.51
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Fig.4.3 Growth of pathogens  
in rice porridge with DME
Log cfu/g
E.coli
S.typhimurium  
S.sonneiV
S.aureus
Time (hour)
go
Fig.4.4 Growth of lactic acid bacteria
in rice porridge with DME
Log cfu/g
1 0
— Lb.plantarum  
Lc.lactis
Leuc.mesenteroides
Time (hour)
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4.2.5 Inhibitory effects of Tactic acid bacteria on 
the growth of pathogens.
Using the rice-DME formulation, the interactions of 
LAB and enteric pathogens in co-culture was investigated. 
In particular, Lc. lactis was studied with E. coli, S.
typhimurium, S. sonnei and S. aureus. When Lc. lactis was
0
used at an initial concentration (10 cfu/g porridge) 
comparable to that of the pathogen (E. coli, 10 cfu/g), 
there was no useful inhibition of the pathogen observed 
(Table 4.6), (Figure 4.5). After 9 h, the E. coli 
population was more than 10^ cfu/g, only 0.5 log cycles 
lower than the control containing no added LAB. However, 
when higher levels of Lc. lactis were used so that they 
outnumbered the pathogens by around 4 log cycles at the 
start of the fermentation, significant inhibition of the 
growth of E. coli was observed, (Figure 4.6), but only 
after normal growth had occured for a period of about 6 h. 
Table 4.7 shows that after 24 h of incubation in the 
fermented porridge, the growth of E. coli was decreased by 
2 . 75 1og cycles when hi gher i noculurn of Lc. lactis was used 
as compared to the growth of E. coli without Lc. lactis.
S. typhimurium, S. sonnei and S. aureus were also 
inhibited when a higher inoculum of Lc. lactis was used. 
Their populations were decreased in numbers by about 2.45, 
2.36, and 1.09 log cycles after 9 h, and about 4.74, 2.75, 
and 2.02 log cycles after 24 h, respectively (Table 4.8), 
Figure 4.7, Figure 4.8, and Figure 4.9.
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Table 4.6 Effect of Lc. lactis on the growth of
E. col i at equal concentration for 24 h at 30°C.
CViable. cou-vvf-5 \o<]io
Ti me 
(h)
E. co 1 i 
(control )
pH Lc. lactis 
(fermented)
E. col 7 
(fermented)
pH
0 2.18 6.5 2.00 2.00 6.5
3 4.77 6.5 4.20 3.88 6.5
6 6.69 6.4 6.05 6.30 6.4
9 7.85 6.1 7.29 7.33 6.3
24 8.64 4.5 9.21 8.71 4.1
Table 4.7 Decrease in number of pathogen (E. coli) when
higher inoculum of lactic acid bacteria 
(Lc.lactis) was used for 24 h at 30°C.
CVialole coiurb lOjio )
No L. lactis added 
(control)
Inoculum L. lactis 
at 106
Decrease | 
|in E.coli
Ti me 
(h)
E. col i E. co 17 ' ■. ' .
0 2.18 2.00 0.18
3 4.77 3.83 0.94
6 6.69 5.12 1 .57
9 7.85 5.44 2.41
24 8.64 5.89 2.75
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Table 4.8 Inhibitory effect of higher inoculum of Lc.
lactis on the growth of pathogens in fermented 
rice porridge for 24 h at 30°C.
C  V  ictbf-e cou.K-f$ log l0 )
Ti me E. coli pH Lc.lactis E.col i pH
(h) (control) (fermented) (fermented)
0 2.00 6.7 6.53 2.00 6.3
3 4.77 6.7 7.80 3.83 5.8
6 6.69 6.7 8.49 5.12 5.4
9 7.85 6.5 8.71 5.44 4.6
24 8.64 5.8 8.36 5.89 3.8
T i me S.typhi. pH Lc.lactis S.typhi. pH
(h) (control) (fermented) (fermented)
0 2.00 6.0 6.04 2.00 6.0
3 3.51 6.0 7.99 4.12 5.5
6 5.38 6.0 8.58 4.82 5.0
9 7.20 5.9 8.38 4.75 4.4
24 8.47 4.9 8.59 3.73 3.7
Ti me S.sonnei pH Lc.lactis S.sonnei pH
(h) (control) (fermented) (fermented)
0 2.00 6.2 5.80 2.00 6.1
3 3.88 6.1 7.70 3.74 5.8
6 5.57 6.1 8.54 4.95 5.2
9 7.70 6.0 8.37 5.34 4.6
24 9.09 4.5 8.55 6.34 3.7
Ti me S.aureus pH Lc.lacti s S.aureus PH
(h) (control) (fermented) (fermented)
0 2.00 6.2 6.50 2.00 6.2
3 2.92 6.1 7.71 2.99 5.8
6 5.30 6.1 8.44 4.34 5.1
9 5.80 5.9 8.37 4.71 4.4
24 7.54 4.6 8.33 5.52 3.6
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Fig.4.5 Inhibitory e ffect  of Lc. lactis 
on the growth of E. coli at equal cone
Log cfu/g
1 0
Time (hour)
E. coli. (control)
- Lc. lactis (with E. coli)
- E. coli (with Lc. lactis)
95
Fig.4.6 Inhibitory e f fec t  of higher 
inoculum.of Lc. lactis on the
growth of E. coli
Log cfu/g
10
Time (hour)
E. coli (control)
Lc. lactis (with E. coli)
E. coli (with Lc. lactis)
96
Fig.4.7 Inhibitory e ffec t  of higher 
inoculum of Lc. lactis on the 
growth of S. typhimurium
Log cfu/g
Time (hour)
-R—  S. typhimurium (control)
Lc. lactis (with S. typhi .) 
■fc—  S. typhi. (with Lc. lactis)
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Fig.4.8 Inhibitory e ffect  of higher 
inoculum of Lc. lactis on the 
growth of S. sonnei
Log cfu /g
10
20
Time (hour)
■ A * s. sonnei (control)
- Lc. lactis (with S. sonnei)
- S. sonnei (with Lc. 1 act is)
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Fig.4.9 Inhibitory e ffec t of higher
inoculum of Lc. lactis on the 
growth of S. aureus
Log cfu /g
1 0
20
Time (hour)
- V — • s . aureus (control)
Lc. 1acti s (wi th S . aureus)
- V - S. aureus (with Lc. 1acti s)
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4.2.6 Inhibitory effects of different concentrations 
of lactic acid bacteria on the growth of 
E. col i.
This effect of inoculum ratio on inhibiton was 
investigated using a range of concentration of Lc. lactis 
and single concentration of E. coli (Table 4.9). It was 
found that the inhibition of the pathogen increased as the 
inoculum ratio {Lc. lactis/E. coli) increased. When the
r * lj
ratio was 1 normal growth of E. coli was only maintained 
for a period of 3 hours. However, this was still sufficient 
for numbers to increased by almost 2 log cycles within 24 
h (Fi gure 4.10). When compari ng the populati ons of E. co 1 i 
at 6 h, with the inoculum ratio {Lc. lactis/E. coli) of 10^, 
it had increased by 1.93 log cycles, whereas with the 1oSl
Oil
and 10^ratios E. coli levels had increased by 3.09 and 4.97 
log cycles respectively. Therefore the inhibition of E. 
coli growth was clearly related to the numerical 
superiority of the Lc. lactis.
The experiment was repeated using Lb. piantarum and 
Leuc. mesenteroides. Figure 4.11 shows that Leuc. 
mesenteroides was slightly less effective than Lc. lactis, 
at an inoculum ratio of 10^, where it produced 
bacteriostasis in the E. coli but only after a period of 
about 6 hours growth (Table 4.10). Although Leuc. 
mesenteroi des is a fast growing LAB, it is 
heterofermentative. This means that it will produce less 
lactic acid than a homof ermenter. It does produce, in 
addition, acetic acid which is a weaker acid but more
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powerful antimicrobial but in this case this clearly does 
not compensate for the decreased lactate production. Lb. 
plantarum is well known as a strong homofermentative 
producer of lactic acid with greater acid tolerance than 
many other LAB. Lb. plantarum was more effective in that 
i ts growth eventual 1y proved bacteri ci dal to the E. col i, 
(Figure 4.12) When the inoculum ratio was 1 0 ^  normal growth 
of E. coli was maintained for only about 3 hours, and after 
6 hours, the population began to decline (Table 4.11). As 
the inoculum concentration ratio increased, the period of 
normal f. coli growth decreased. After 9 h, E. coli growth 
could not be detected. The changes in population levels of 
E. coli as a function of inoculum ratio to LAB are 
presented as in Figure 4.13.
An inspection of the pH curves from the Lb. plantarum 
/E. coli mixed cultures (Table 4.12) suggest that the 
point at which the E. coli growth curve deviated from 
normal growth always corresponded to the same pH value in 
the porridge, around pH 4.5 and below (Figure 4.14).
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Table 4.9 Inhibitory effect of Lc. lactis on the growth of
E. coli at different concentration of Lc. lactis 
for 24 h at 30°C.
C Viable. CAu.vt+5 log l0 )
Ti me 
(hour)
L c .1actis 
Mi x 1
E. co l i 
Mix 1
Lc. lactis 
Mix 2
E.co77 
Mi x 2
0 7.22 2.00 6.20 2.00
3 8.13 3.53 7.93 3.77
6 8.94 3.93 8.19 5.09
9 8.34 3.95 8.18 5.76
24 8.46 4.00 8.26 6.04
Mi x 3 Mi x 3 Mi x 4 Mi x 4
0 5.53 2.18 5.00 2.00
3 7.26 4.11 6.10 3.77
6 8.77 5.64 8.12 6.97
9 8.06 6.40 8.16 6.98
24 8.63 6.51 8.46 7.27
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Table 4.10 Inhibitory effect of Leuc. mesenteroides on the
growth of E. coli at different concentration of 
Leuc. mesenteroi des for 24 h at 30°C.
CVicdole. coick+5 log /0 cflv/g )
Ti me 
(hour)
L.mesen. 
Mi x 1
E.CO 1 7 
Mix 1
L.mesen. 
Mix 2
E.co7 7 
Mix 2
o 6.93 2.30 5.98 2.00
3 8.34 3.33 7.53 3.59
6 8.57 4.26 8.51 4.89
9 8.86 4.27 8.63 5.47
24 8.19 4.03 8.29 5.18
Mi x 3 Mix 3 Mi x 4 Mi x 4
0 4.93 2.40 3.98 2.18
3 6.72 3.69 5.42 2.82
6 7.87 5.08 6.91 5.06
9 8.45 6.52 8.05 6.45
24 7.95 6.00 8.42 7.60
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Table 4.11 Inhibitory effect of Lb. plantarum on the
growth of E. coli at different concentration of 
Lb. piantarum for 24 h at 30°C.
CViottie c o i u a+ s lojio )
Ti me 
(hour)
Lb .pi a n t . 
Mi x 1
E.coli 
Mix 1
Lb .pi ant. 
Mix 2
E.coli 
Mix 2
0 7.64 2.00 6.54 2.00
3 8.16 2.93 7.18 3.06
6 9.28 3.38 8.46 5.06
9 9.20 <2.00 8.95 4.74
24 9.33 <2.00 8.98 <2.00
Mix 3 Mix 3 Mix 4 Mix 4
0 5.72 2.00 4.82 2.00
3 6.27 3.24 4.98 3.06
3 7.65 5.18 7.13 4.48
9 8.45 6,84 7.02 6.36
24 8.83 4.28 8.89 7.01
Table 4.12 Changes in pH of rice porridge inoculated with 
different concentration of mixed culture of Lb. 
plantarum + E. coli for 24 h at 30°C.
Time
(hour)
Mix 1 
pH
Mi x 2 
pH
Mix 3 
P H
Mix 4
p H
0 5.70 5.82 5.86 6.31
3 5.05 5.76 5.82 6.05
6 3.53 4.85 5.75 5.98
9 3.32 3.48 4.45 5.99
24 3.11 3.11 3.13 3.16
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Fig.4.10 Inhibitory e ffec t of Lc.lactis
on the growth of E.coli
at d ifferent cone, of Lc.lactis
Log c fu /g
1
2 0
Time (hour)
Mixture of Lc. lactis + E. coli 
-G—  Lc. lactis (107,2 cfu/g) E. coli (102*0 cfu/g)
-9—  Lc. lactis (106*2 cfu/g) E. coli (102,0 cfu/g)
Lc. lactis (1055 cfu/g) — $—  E. coli (102 0 cfu/g)
Lc. lactis ( 105 0 cfu/g) -^F-E. coli (102'° cfu/g)
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Fig. 4.11 Inhibitory effect of
L. mesenteroides on the growth of E.coli
at d ifferent conc. of L. mesenteroides
Log c fu /g
0
Time (hour)
Mixture of Leuc. mesenteroides + E. coli
-Leuc. mesen. (106*9 cfu/g) E. col i (102 *3 cfu/g)
— B — * Leuc. mesen. (105*9 cfu/g) E. col i (102*0 cfu/g)
- 4 - - Leuc. mesen. (104-9 cfu/g) -4—  E. col i (102‘4 cfu/g)
- Leuc. mesen. (1 o4*0 cfu/g) - * - E . col i (1 O2'2 cfu/g
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F ig .4.12 Inhibitory e ffec t of
Lb. plantarum on the growth of E. coli
at d ifferent conc. of Lb. plantarum
Log c fu /g
1
Time (hour)
Mixture of Lb. plantarum + E. coli 
■G—  Lb. plant. (107i® cfu/g) —  E. coli C10^ *® cfu/g)
-B—  Lb. plant. (10®*'* cfu/g) — E. coli (10^*® cfu/g)
Lb. plant. ( 1 0 ^  cfu/g) — 4—  E. coli (10^® cfu/g)
Lb. plant. (104*8 cfu/g) - ▼ ■■■ E. coli (102*0 cfu/g
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Fig.4.13 E. coli inhibition in 
co-culture with lactic acid bacteria
Log inoculum ratio (log LAB-log E.coli)
5 -
4 -
3 -
/ ~ s
-t=7- Lb.plant. + E.coli
I—I 
I__I L.mesen. + E.coli
A Lc.lactis + E.coli
0
-4  -2  0 2 4
Log change in E.coli conc. over 24 h
LAB - Lact ic Acid Bacteria
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Fig. 4.14 Changes in pH of rice porridge  
inoculated with different conc. of 
mixed culture of Lb. plant, and E. coli
pH
7
5
4
3
20
Time (hour)
- e - Lb. plant. (1 o7-6 cfu/g) + E. coli (1020 cfu/g)
- B - - Lb. plant. (106-5 cfu/g) + E. coli (102*° cfu/g)
- Lb. plant. (105*7 cfu/g) + E. coli (102° cfu/g)
- Lb. plant. (104*8 cfu/g) + E. coli (102° cfu/g
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4.2.7 Inhibitory effects of lactic acid bacteria on 
the growth of different concentrations of 
E.coli.
In a series of experiments where a uniformly high 
concentration of LAB was used as inoculum and the inoculum 
level of E. coli varied, good inhibition of E. coli growth 
was observed. In the case of each lactic acid bacterium 
used, E. coli growth was arrested after 3 hours and a 
decline in viable cell numbers set in. This was most 
pronounced for Lb. plantarum (Table 4.13), followed by Lc. 
1 act is (Table 4.14) and lastly Leuc. mesenteroides (Table 
4.15), (Figure 4.15; 4.16; 4.17). The pH curves suggested 
that this is simply a reflection of the rapid pH drop under 
these conditions.
Table 4.13 Inhibitory effect of Lb. plantarum on the
growth of E. coli at different concentration of 
E. coli for 24 h at 30°C.
C ViaJcU. Lo^io c f ^ / ^  )
Time
(hour)
Lb. piant. 
Mix 1
E. col i 
Mix 1
Lb.plant. 
Mix 2
E.coli 
Mix 2
0 7.74 6.74 7.57 5.84
3 8.36 8.02 8.32 7.45
6 8.70 7.41 8.74 6.78
24 8.81 2.18 8.89 <2.00
Mix 3 Mix 3 Mix 4 Mix 4
0 7.68 4.99 7.56 3.91
3 8.32 6.47 8.45 5.46
6 8.64 5.69 8.67 4.81
24 8.43 2.30 8.82 <2.00
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Table 4.14 Inhibitory effect of Lc. lactis on the growth 
of E. coli at different concentration of E. 
coli for 24 h at 30°C.
CVicUole- c o\k m \s to ° w Q
Ti me 
(hour)
Lc.lactis 
Mix 1
E. col i 
Mix 1
Lc. lactis 
Mix 2
E.coli 
Mi x 2
0 7.13 6.84 7.10 6.06
3 8.31 7.81 8.28 7.42
6 9.04 7.49 9.20 6.38
24 7.73 5.00 8.13 3.54
Mix 3 Mix 3 Mix 4 Mix 4
0 7.09 5.01 7.12 4.00
3 8.29 6.56 8.39 5.48
6 8.40 5.72 8.32 4.89
24 7.64 3.07 7.78 3.38
Table 4.15 Inhibitory effect of Leuc. mesenteroides on the
growth of E. coli at different concentration of 
E. co 17 for 24 h at 30°C.
CViable, coiu/i-fs to cf^/^ )
Ti me L.mesen. E. col 7 L.mesen. ' E. co l 7
(hour) Mi x 1 Mi x 1 Mix 2 Mix 2
0 7.56 6.84 7.63 6.10
3 8.38 8.10 8.74 7.74
6 8.64 8.15 8.69 7.85
24 8.40 6.28 8.19 5.86
Mix 3 Mix 3 Mix 4 Mi x 4
0 7.56 5.11 7.54 4.03
3 8.49 6.81 8.60 5.81
6 8.85 7.19 8.65 6.46
24 8.22 5.88 8.92 5.16
111
Fig.4.15 Inhibitory e ffec t of
Lb. plantarum on the growth of E. coli
at d ifferent conc. of E. coli
Log c fu /g
10
8
6
4
2
0
25
Time (hour)
Mixture of Lb. plantarum + E. coli
-G- Lb. plant. (1077 cfu/g) —G—  E . coli (106*7 cfu/g)
-B--Lb. plant. (107,8 cfu/g) -tt— E. col i (105*8 cfu/g)
-4--Lb. plant. (107,7 cfu/g) ■ ^  - E. coli (105*° cfu/g)
Lb. plant. (107,8 cfu/g) ■▼ ■E. coli (104-° cfu/g
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Fig.4.16 Inhibitory e ffec t of Lc. lactis
on the growth of E. coli
at d ifferent conc. of E. coli
Log c fu /g
25
Time (hour)
Mixture of Lc. lactis + E . coli
Lc. 1acti s (107<1 cfu/g) —# —  E. col i (106-8 cfu/g)
- d - Lc. lacti s (1071 cfu/g) E. col i (106*0 cfu/g)
* Lc. 1acti s (107*1 cfu/g) -f- E. col i CIO50 cfu/g)
-s?-• Lc. Tacti s (107<1 cfu/g) —V —  E. col i (1 o40 cfu/g
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Fig.4.17 Inhibitory e ffec t of L, mesen.
on the growth of E. coli
at d ifferent conc. of E. coli
Log c fu /g
2520
Time (hour)
Mixture of Leuc. mesenteroides + E. col i
- o - Leuc. mesen. (107-6 cfu/g) —G—  E. col i C106*8 cfu/g)
- B - Leuc. mesen. (1076 cfu/g) M  ■ E. coli (106<1 cfu/g)
Leuc. mesen. (107-6 cfu/g) — E. coli (105-1 cfu/g)
Leuc. mesen. (1 o7-5 cfu/g) E . col i (1 o40 cfu/g)
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4.2.8 Inhibitory effects of 2 mixed culture of LAB on 
the growth of E. coli.
The effects of adding a mixed culture of two LAB 
species on the growth of E. coli was investigated. Rice 
porridge was inoculated from over-night broths of the two 
LAB at the same time, followed by the pathogen. Table 4.16 
shows that E. coli grew well in the first 9 h in both 
porridges inoculated with mixed culture of Lb. plantarum 
(10^ cfu/g) + Leuc. mesenteroides (10^ cfu/g) and Lb. 
plantarum (10^ cfu/g) + Lc. lactis (10^ cfu/g) and decreased 
in numbers about 1.00 log cycle at 24 h of fermentation. 
The results i ndi cate that even though 2 LAB were used at 
the same time during fermentation of the porridge, there 
was less inhibitory effects on the growth of the pathogen. 
In comparison, the Lb- plantarum/Lc. lactis mixed was more 
inhibitory than the Lb. piantarum/Leuc. mesenteroides mixed 
where the growth of E. coli was about 1 log cycles less at 
6 h (Table 4.16).
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Table 4.16 Inhibitory effect of mixed culture of 2 LAB on 
the growth of f. coli in fermented porridge for 
24 h at 30°C.
Mixed LAB (log cfu/g)
Ti me 
(h)
E. co l 7 
(log cfu/g)
Lb. plant. L.mesen. pH % 1 act.
0 2.00 4. 07 3.61 6.46 0.04
3 3.50 5.12 5.32 6.45 0.04
6 6.10 6.42 7.09 5.87 0.05
9 7.74 7.42 8.19 4.92 0.09
24 6.61 9.04 7.78 3.20 0.52
T i me
.(h)
E.col 7 
(log cfu/g)
Lb.plant. Lc.lactis pH % 1 act.
0 2.00 4.18 3.67 6.22 0.04
3 2.85 4.71 5.36 6.20 0.04
6 5.02 6.02 7.50 5.84 0.05
9 5.98 7.41 8.32 4.03 0.17
24 4.98 7.30 8.60 3.36 0.30
4.2.9 Growth of E. coli in acidified rice 
porridge.
From the results presented in section 4.2.2-4.2.8 
above, it can be concluded that:
(i) Post-cooking contamination of weaning foods 
represents a serious risk to food safety as the food offers 
conditions amenable to pathogen multiplication.
(ii) Inhibition of contaminating pathogens depends on 
providing the LAB with abundant fermentable carbohydrate 
and a numerical superiority over the pathogen. Under these
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conditions they can produce lactic acid sufficient to 
decrease the pH to inhibitory levels before extensive 
pathogen growth can occur.
In order to confirm that the i nhi bi tory effects of LAB 
on the growth of pathogens was due to the acid production 
and decrease, in pH, rice porridge was acidified with 
1actic acid (0.1M) and the pH adjusted between pH 3 and pH 
6, correspondi ng to decreases in pH obtained during 
fermentation. E. coli was inoculated into the porridge at 
about 10^ cfu/g. Figure 4.18 shows that it is clear that the 
growth is relatively unaffected until pH drops to 4.5 and 
that once the pH reaches 3.8 (Table 4.17), population 
dec!i he sets i n . These results support the hypothesi s that 
the production of lactic acid and consequent drop in pH are 
responsible for the control of the growth of the pathogens 
(E. coli).
Table 4.17 Growth of E. coli in acidified porridge with 
lactic acid at different pH levels for 24 h at 
- 30°C. , ,
(h) (log cfu/g)
Ti me pH 6.2 pH 5.9 pH 4.9 pH 4.5 pH 4.1 pH 3.8
0 2.70 2.70 2. 78 2.74 2.18 2.48
4 4.93 4.99 4.93 3.98 2.65 2.60
24 8.38 8.39 8.29 7.99 6.25 1 .70
117
Fig.4.18 Growth of E. coli 
in acidified porridge with DME 
at different pH levels
Log c fu /g
10
Time (hour)
pH 5.9 
pH 4.1
pH 6.2 
pH 4.5 pH 3.8
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4.2.10 Stereoisomers of lactic acid produced during 
fermentation.
The i somers of 1acti c aci d produced during
fermentation is important, if the food is intended for
infant feeding. Studies (Droese & Stolly, 1964; 1965) have
found that the D(-) isomer of lactic acid was partially
avvcl
metabolized in infant or small children,y^as a result will 
lead to acidosis. Therefore, this study was to investigate 
the concentration of lactic acid isomers produced during 
fermentation of rice porridge by LAB.
From the analysis of fermented rice porridge, it was 
revealed that the rice porridge fermented by mixed cultures 
of Lb. plantarum (TO® cfu/g) and E. coli (10® cfu/g) for 24 
h at 30°C, produced an equal amount of D awd L i somers (Tabl e 
4.18), whereas rice porridge fermented by mixed cultures 
of Lc. lactis (10® cfu/g) and E. coli (10® cfu/g) produced 
almost 99% of L( + ) isomer, and in the porridge fermented by
mixed cultures of Leuc. mesenteroides (10® cfu/g) and E.
fi
c o 7 7 (10 cfu/g) produced double the amount of D(-) isomer 
as compared to the L(+) isomer Figure 4.19.
Therefore, even though the results described in 
sections 4.2.6 and 4.2.7 show that Lb. plantarum is the 
most effective LAB among those tested at inhibiting the 
growth of E. coli, it has the drawback of producing both 
isomers of lactic acid. Leuc. mesenteroides was unsuitable 
to be used in future fermentation as it was least effective 
at pathogen inhibition and produced double the amount of 
D(-) isomer as compared to the L( + ) isomer. It was
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therefore decided that the most promising of LAB tested in 
weaning food is the Lc. lactis and other L-lactate 
producing bacteria.
Table 4.18 Stereoisomers of D and L-lactate in porridge 
inoculated with mixed culture of LAB and E. 
coli for 24 h at 30°C.
Mixed culture D-lactate 
mg/g (%)
L-lactate 
mg/g (%)
Total 
mg/g (%)
Lb.pi ant. +E.coli 3.42 (49.9) 3.44 (50.1 ) 6.86 (100)
Lc. 1acti s+E.coli 0.03 ( 0.9) 3.38 (99.1) 3.41 (100)
L.mesen.+E.co1i 2.34 (73.0) 0.86 (27.0) 3.20 (100)
4.2.11 Changes in pH and total percentage of acidity 
of rice porridge inoculated with different L- 
lactate producing LAB.
Since previous results indicated that Lb. piantarum 
was the strongest acid producer and the most effective 
inhibitor of the growth of the pathogens but has the 
drawback of producing av\ equimolar mixture of D(-) and 
L( + ) i somers, i t was deci ded to study other speci es of L- 
lactate producer bacteria to be used in the fermentation of 
weaning foods. Four L-lactate producing species of LAB 
together with Lc. lactis and Lb. plantarum (DL-lactate spp. 
as a control) were inoculated (10® log cfu/g) into the rice 
porridge and fermented for 24 h at 30°C. Table 4.19 
summarised the changes in pH and total % acidity of the
120
fermented rice porridge. Among the L-lactate producers, Lc. 
lactis and Lb. bavaricus gave the most rapid pH decrease 
over the first 8 h of fermentation comparable to Lb. 
plantarum. They were sti11 inferior to Lb. plantarum over 
24 h fermentation since the DL lactate producer produced 
0.50% acidity and a pH of 3.35 while Lc. lactis and Lb. 
bavaricus produced only 0.23 and 0.34% acidity and pH of 
3.52 and 3.30 respectively after 24 h of fermentation. From 
these results, the next potential L-lactate producer 
besides Lc. lactis that could be used in the future 
fermentation of weaning food was the Lb. bavaricus {Figure 
4.20).
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Table 4.19 Changes in pH and % acidity of rice porridge 
fermented with L-lactate producing LAB and Lb. 
plantarum (a control) for 24 h at 30°C.
Ti me (hour) 0 4
Bacteri a pH (% lactate) pH (% lactate)
Lb. alimentari us 5.81 0.07 4.91 0.09
Lb. bavaricus 5.62 0.07 3.94 0.12
Lb. casei 5.74 0.07 5.15 0.08
Lc. lactis 5.83 0.07 3.93 0.14
Lb. sal 7varius 5.79 0.07 4.85 0.10
Lb. pi ant arum 5.63 0.07 3.86 0.13
Time (hour) 8 24
Lb. al 7mentarius 4.37 0.09 3.72 0.17
Lb. bavari cus 3.61 0.18 3.30 0.34
Lb. casei 4.21 0.11 3.58 0.22
Lc. lactis 3.65 0.18 3.52 0.23
Lb. salivari us 4.01 0.14 3.66 0.22
Lb. plantarum 3.56 0.19 3.35 0.50
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Fig.4.19 Conc. of D /L  lactate in 
porridge inoculated with mixed culture  
of lactic acid bacteria and E. coli
Conc. mg/g
D.lactate
L. lactate
Tota
L.plant+Ecoli L.lactis+Ecoli L.mesen+E.coli
Samples after 24 h of incubation at 30 C
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Fig.4.20 Percentage lactate produced  
in the fermented porridge by 
L-lactate producing LAB
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4.2.12 Inhibitory effect of different L-lactate
producing LAB on the growth of E. coli at a 
higher and lower concentration of pathogen.
Here, in this study, the growth of an enteric pathogen 
co-culture with four different L-lactate producing LAB were 
tested. E. coli was inoculated simultaneously into weaning 
food at higher (10®) and lower (10^) log cfu/g concentration 
with either one of the tested LAB at a concentration of 
around 10® cfu/g. The porridge was incubated at 30°C for 24 
h. Among the tested LAB, Lb. bavaricus gave the most 
inhibitory effect on the growth of E. c o 1i compared to the 
other LAB. At lower concentration of pathogen, the growth 
of E. c o 7t was maintained at 3 h and 6 h, and undetectable 
at 24 h of fermentation (Table 4.20). With higher 
concentration of E. coli, the growth was reduced about 4.65 
log cfu/g after 6 h to 24 h. This is in line with the 
observation (4.2.11) that Lb. bavaricus is the best acid 
producer of the L-lactate producers tested. Lb. salivarius 
only effective at lower concentration where it reduced the 
population of E. coli by about 2.68 log cfu/g after 6 h. E. 
coli grew well with other LAB less inhibitory effect was 
observed and E. coli reached in numbers between 6.00 and 
8.00 log cfu/g. As a control, E. coli grew well in both 
lower and higher concentration in unfermented porridge as 
expected, reaching the cell population between >7.0 and 8.0 
log.cfu/g within 24 h (Figure 4.21).
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Table 4.20 Inhibitory effect of different L-lactate
producing LAB on the growth of E. coli at a 
higher and lower concentration for 24 h at 
30°C.
Higher concentration Lower concentration
Ti me E.coli (control) E. coli (control)
(hour (log cfu/g) (log cfu/g)
0 6.05 2.00
3 7.49 5.94
6 7.79 7.31
24 7.85 8.06
E.col i Lb.aliment. E. col i Lb. aliment.
0 5.80 6.32 2.00 6.17
3 7.36 7.06 4.31 7.10
6 7.69 8.16 6.53 7.38
24 8.66 7.41 7.26 6.94
E. CO 1 7 Lb. bava. E.col i Lb. bava.
0 6.42 6.74 2.30 6.69
3 7.16 7.35 4.40 7.45
6 8.04 1 .IQ 4.52 7.63
24 3.39 7.32 <2.00 7.05
E.co7 7 Lb. casei E.coli Lb. casei
0 5.92 6.27 2.48 6.59
3 7.38 6.83 4.44 6.96
6 7.80 7.49 6.35 7.58
24 8.03 7.88 6.63 7.95
E.co 1 i Lb. saliva. E.coli Lb. saliva.
0 5.94 6.33 2.00 6.18
3 7.30 7.11 5.47 7.28
6 8.05 7.66 6.29 7.85
24 6.87 6.45 3.61 6.54
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Fig.4.21 Growth of E. coli 
at higher and lower concentration  
with different L-lactate LAB
Log c fu /g
0 5 10 15 20  25
Time (hour)
High concentration Low concentration
E. coli + Lb. alimentarius -#~E. coli + Lb. al i mentari us
fi— E. coli + Lb. bavaricus -K-E. coli + Lb. bavaricus
-Q— E. coli + Lb. casei E. coli + Lb. casei
-£s-E. coli + Lb. sal i vari us -A-E. coli + Lb. sal i vari us
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4.2.13 Inhibitory effect of Lb. bavaricus on the
growth of pathogens.
From the above results, it was found that Lb.
bavaricus gave the most inhibitory effect on the growth of
enteric pathogen E. co/7 of the other L-lactate producing
LAB tested. Its effectiveness on other enteric pathogens
such as S. typhi muri um and S. sonnei was therefore
m
investigated. The growth of pathogens^co-culture with Lb. 
bavaricus were studied. As a control, similar results was 
obtained for E. coli where the organism was undetectable 
after 24 h of fermentation. With S. typhi muri um and S. 
sonnei the cell population was reduced after 6 h of 
fermentation (Table 4.21). At 24 h, the growth remained 
about 3.57 and 3.82 log cfu/g respectively. When comparing 
the pH and % acidity, there was no significant difference 
between the three pathogens. It is likely that the E. coli 
was more sensitive to the acid produced by Lb. bavaricus. 
It could however be that other compounds produced during 
fermentation , were specifically inhibitory to E. col i. 
(Figure 4.22).
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Table 4.21 Inhibitory effect of Lb. bavaricus on the 
growth of pathogens for 24 h at 30°C.
Ti me 
(hour)
E. c o 7 7 
(log cfu/g)
Lb. bava. 
(log cfu/g)
pH % 1 actate
0 2.00 6.50 5.60 0.07
3 4.70 7.26 4.74 0.09
6 4.92 7.62 4.04 0.14
24 <2.00 7.10 3.40 0.43
Time
(hour)
S. typhi. 
(log cfu/g)
Lb. bava. 
(log cfu/g)
pH % lactate
0 2.00 6.43 5.40 0.07
3 4.51 7.35 4.77 0.09
6 4.12 7.65 4.00 0.14
24 3.57 7.24 3.37 0.41
Time
(hour)
S. sonnei 
(log cfu/g)
Lb. bava. 
(log cfu/g
pH % lactate
0 2.00 6.52 5.50 0.07
3 4.86 7.36 4.86 0.09
6 4.18 7.58 4.02 0.14
24 3.82 7.39 3.37 0.41
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Fig.4.22 Inhibitory e ffect  of 
Lb. bavaricus on the growth
o f  pathogens
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CHAPTER 5
5.0 PREFERMENTATION STUDIES (USING DME + LAB).
5.1 Introduction.
From the results in Chapter 4, it is clear that Lc. 
lactis (well known for its bacteriocin-nisin) and Lb. 
bavaricus {the best acid producers as compared to the other
CLC-ti0u\
L-1actate producing LAB) have shown effective inhibitory^on 
the growth of enteric pathogens in fermented weaning food, 
therefore, these two LAB will be stud'ved in detail i n the 
next 2 chapters i n prefermented weaning food saccharified 
with DME and ragi.
5.2 Materials and Methods.
Main Materials refer to Chapter 3 and Methods refer to 
Flow Charts in the Appendix .
5.3 Results and Discussion.
5.3.1 Growth and survival of different concentration 
of E. coli in prefermented rice porridge with 
Lc. lactis + DME.
Different concentrations of E. coli were inoculated 
into rice porridge which had been prefermented with Lc. 
lactis + DME for 24 h at 30°C. The pH of the porridge after 
24 h fermentation had decreased from 6.5 to 3.8. The 
results in Table 5.1 indicate that there was no increase in
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numbers of the pathogens in the porridge. In fact, numbers 
decreased by 2.48 log cfu/g and 2.60 log cfu/g respectively 
after 24 h in samples inoculated with 10^ and 10® log cfu/g. 
While in those inoculated with concentrations of 10^ and 10^ 
log cfu/g, E. coli could not be detected after 24 h (Figure 
5.1). During this period, there was no significant change 
i n pH (3.7-3.8) and the percentage acidity ranged between 
0.21-0.26. The results clearly show that prefermented 
porridge has a lethal effect on E. coli. The extent to 
which this would render a weaning food safe would depend on 
the inoculum size of the pathogen and its infectious dose.
5.3.2 Growth and survival of Gram-negative pathogens 
in prefermented rice porridge with Lc. lactis 
+ DME.
These studies were extended with other Gram-negative 
pathogens which were inoculated into prefermented porridge 
with Lc. lactis + DME and incubated at 30°C for 24 h. Table 
5.2 indicates that the tested pathogens were unable to grow 
when added to the prefermented weaning food. The surviving 
numbers decreased over a subsequent 24 h storage to below 
detectable levels (<2.00 log cfu/g) at 6 h for S. 
typhi muri um and S. sonnei. All pathogens were undetectable 
at 24 h of storage (<2.00 log cfu/g) (Figure 5.2).
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Table 5.1 Growth and survival of different
concentrations of E. col i in prefermented rice
porri dge for 24 h at 30°C.
E. col i 1 06/9 *| E. co 7 7 1 o3/g
Ti me 
(hour)
growth 
(log cfu/g)
PH %1 act growth 
(log cfu/g)
pH %1 act
0 6.23 3.84 0.23 5.05 3.86 0.23
3 6.19 3.86 0.23 4.93 3 . 88 0.22
6 5.92 3.85 0.23 4.61 3.84 0.23
24 3.75 3.77 0.26 2.40 3.84 0.25
E.coli 104/9 | E.coli 103/g '
Ti me 
(hour)
growth 
(log cfu/g)
pH %1 act growth 
(log cfu/g)
pH %1 act
0 4.39 3.89 0.21 3.74 3.87 0.21
3 3.86 3.85 0.23 2.90 3.85 0.23
6 3.51 3.85 0.20 2.00 3.86 0.23
24 <2.00 3.81 0.25 <2.00 3.83 0.25
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Table 5.2 Growth and survival of Gram-negative pathogens
in prefermented rice porridge for 24 h at 30°C.
E. col 7
Time (hour) growth (log cfu/g) pH % 1actate
0 3.74 3.63 0.25
3 2.94 3.63 0.25
6 2.82 3.65 0.25
24 <2.00 3.60 0.25
S. typhimurium
Time (hour) growth (log cfu/g) pH % 1actate
0 3.24 3.61 0.25
3 2.23 3.61 0.25
6 <2.00 3.62 0.25
24 <2.00 3.59 0.25
S. sonnei
Time (hour) growth (log cfu/g) pH % 1actate
0 3.32 3.62 0.25
3 2.82 3.60 0.25
6
ooC\JV 3.60 0.25
24 <2.00 3.58 0.25
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Fig. 5.1 Survival of different  
concentration of E. coli in prefermented  
porridge with DME and Lc. lactis
Log c fu /g
Time (hour)
E.coli 10*a cfu/g - s -  E.coli 10*° cfu/g
E.coli 104*4 cfu/g -  E.coli 103'7 cfu/g
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Fig. 5.2 Survival of Gram-negative  
pathogens in prefermented porridge
with DME and Lc. lactis
Log cfu/g
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■S- S. typhimurium 
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5.3.3 Growth and survival of Gram-positive pathogens 
in prefermented rice porridge with Lc. lactis 
+ D M E .
The experiment above was repeated using Gram-positive 
bacteria, B. cereus and S. aureus with the Gram negative 
E.coli (as a control). The results, Table 5.3 show the Gram 
positives had a greater resistance to the conditions in the 
prefermented porridge than Gram negatives. B. cereus 
increased in numbers by about 0.4 log cfu/g over the first 
3 h and reduced back to its inoculum level after 6 h. 
Thereafter its number were maintained over 24 h probably as 
a result of sporulation. For S. aureus, a  non-sporeformer, 
the numbers reduced slowly by about 1.00 log cfu/g over 24 
h. As for the control, E. coli, the numbers reduced about 
0.8 log cfu/g at 6 h and were undetectable at 24 h (Figure 
5.3). Theseresults indicate that the acid produced in the 
prefermented porridge had less effect on the Gram-positive 
bacteria. Even though they did not grow, they did survive 
much better in the porridge. It would seem that the
prefermented weaning foods should be considered as
bacteriostatic for the Gram-positive bacteria and
bactericidal for the Gram-negative pathogens.
5.3.4 Role of nisin in bacterial inhibition by 
prefermented porridge with tc. lactis + DME.
Since Lc. lactis produces the bacteriocin nisin during 
fermentation, it was appropriate to determine the amount of 
nisin produced to assess its role in pathogen inhibition.
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Table 5.3 Growth and survival of Gram-positive pathogens
in prefermented rice porridge for 24 h at 30oC.
B. cereus
Time (hour) growth (log cfu/g) pH % lactate
0 4.40 3.56 0.25
3 4.86 3.60 0.26
6 4.37 3.58 0.25
24 4.35 3.55 0.25
S. aureus
Time (hour) growth (log cfu/g) pH % lactate
0 4.35 3.55 0.25
3 3.93 3.63 0.26
6 4.31 3.60 0.25
24 3.16 3.58 0.25
E. c o 7 7
Ti me (hour) growth (log cfu/g) pH % lactate
0 4.40 3.56 0.25
3 3.85 3.60 0.26
6 3. 52 3.58 0.25
24 <2.00 3.55 0.25
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Fig. 5.3 Survival of Gram-positive  
pathogens in prefermented  
porridge with DME and Lc. lactis
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The nisin content in the prefermented porridge with Lc. 
lactis + DME at 24 h was analysed using the ELISA method 
developed by Falahee et al . (1990). Table 5.4 gives the
estimates of nisin concentration in the prefermented 
porridge. The average amount of nisin produced during 24 h 
of fermentation at 30°C was found to be 110 i.u/g.
To determine the relative contributions of nisin, reduced 
pH and elevated levels of lactic acid, unfermented porridge 
was acidified with lactic acid (0.1N) to a pH 3.7-3.8 
similar to the pH of prefermented porridge. Another portion 
was acidified in the same way and nisin was added at a 
level of 110 i.u/g. The results (Figure 5.4 and Table 5.5)
show that the addition of lactic acid to the unfermented
weaning food prior to the addition of the pathogens, 
produced a similar decline in pathogens numbers as 
prefermented porridge. Simultaneous addition of nisin, at 
a level of 110 i.u./g did not increase the unfermented
product's lethality toward any of the pathogens tested. In 
fact, when comparison were made, it was found to have 
improved the growth of the pathogens as compared to the 
acidified porridge (Figure 5.4). Commercial nisin is 
supplied as a powder made up largely from casein. It
presence could have supplied nutrients for the growth of 
the pathogens. The pathogens in the control porridge 
(unfermented, nothing added) grew very well as expected. 
From these data we can conclude that the amount of nisin 
produced during fermentation was not enough to exert any 
appreciable antimicrobial effect on the pathogens, and that
140
Table 5.4 Concentration of nisin in prefermented porridge 
with Lc. lactis + DME for 24 h at 30°C.
Porridge Sample Concentration of nisin (i.u./g)
A 101.50
B 111.66
C
0)CMCO
Average
00oT— 
T—
Table 5.5 Effects of acidified and acidified plus nisin
porridge on the growth and survival of pathogens 
for 24 h at 30°C.
E. coli (log cfu/g) S. typhi. (log cfu/g)
Time
(hour)
Control Aci d Acid + 
ni si n
Control Aci d Aci d + 
nisin
0 5.85 5.79 5.77 6.07 5.68 5.66
1 5.91 5.43 5.75 6.11 4.31 5.42
2 6.21 5.16 5.50 6.89 2.54 5.24
3 6.67 4.99 5.54 6.94 <2.00 4.79
4 7.04 4.76 5.31 7.69 <2.00 4.48
7 7.68 3.92 5.06 7.47 <2.00 <2.00
24 7.34 <2.00 <2.00 7.57 <2.00 <2.00
S. sonnei (log cfu/g) S. aureus (log cfu/g)
Ti me 
(hour)
Control Aci d Aci d + 
nisin
Control Acid Acid + 
nisin
0 5.91 5.73 5.88 5.75 5.44 5.44
1 6.34 4.56 5.80 5.46 5.19 5.23
2 7.22 3.63 5.40 N.D. N.D. N.D.
3 7.23 2.65 5.58 5.35 4.84 4.84
4 7.54 <2.00 5.02 5.39 4.51 4.58
7 7.63 <2.00 3.63 5.70 3.87 3.95
24 8.62 <2.00 <2.00 7.02 2.29 2.48
Note = N.D. - Not Determined
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Fig. 5.4 Growth and survival of pathogens  
in acidified and acidified  
plus nisin porridge
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the production of lactic acid and the reduced pH were 
responsible for the lethality shown in the previous 
results. This is not surprising with respect to the Gram 
negative pathogens which are not susceptible to nisin under 
normal circumstances, but the levels of nisin produced are 
also clearly insufficient to inhibit the Gram positive S. 
aureus.
5.3.5 Growth and survival of E. coli in prefermented 
rice porridge with different L-lactate 
producing LAB + DME.
fiE. coli was inoculated approximately (10° log cfu/g) 
into porridge prefermented with different L-lactate 
producing LAB. From the results in Table 5.6 and Figure 
5.5, all the LAB used prevented multiplication of the 
pathogen over 24 h. E. coli inoculated into prefermented 
porridge with Lb. alimentarius, Lb. casei, and Lb. 
salivarius reduced in numbers about 1.70, 2.24, and 0.99 
log cycles respectively, after 24 h. However, the porridge 
prefermented with Lb. bavari cus proved to be the most 
bactericidal where within 3 h the number of E. c o 1i reduced 
by about 3.08 Tog cycles and were undetectable after 6 h. 
As a control, E. coli inoculated into the unfermented 
porridge after incubation for 24 h without any LAB added, 
increased in numbers about 0.83 log cycles over the
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Table 5.6 Growth and survival of E. coli in
prefermented rice porridge with different L-
1actate producing LAB for 24 h at 30°C.
E.coli+Lb.a7imentarius E.co1 i+Lb.bavaricus
Time 
(hour)
growth 
(log cfu/g)
pH %1 act growth 
(1og cfu/g)
pH %1 act
0 6.15 4.04 0.16 5.86 3.42 0.37
3 6.08 3.95 0.16 2.78 3.45 0.43
6 6.04 3.86 0.20 <2.00 3.39 0.47
24 4.45 3.71 0.27 <2.00 3.30 0.63
E. c o 7 7 +Lb.casei E.coli+Lb.salivarius
Time 
(hour)
growth 
(log cfu/g)
pH %1 act growth 
(log cfu/g)
pH %1 act
0 5.97 3.65 0.23 6.25 3.74 0.25
3 5.94 3.64 0.27 5.88 3.75 0.25
6 5.53 3.58 0.28 5.81 3.73 0.27
24 3.73 3.50 0.36 5.26 3.66 0.32
E.coli - control
Time 
(hour)
growth 
(log cfu/g)
pH %1 act
0 6.08 4.77 0.13
3 6.27 4.73 0 .1 3
6 6.89 4. 78 0.13
24 6.91 4.49 0.23
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Fig. 5.5 Growth and survival of E.coli 
in prefermented porridge with different  
L-lactate producing LAB
Log cfu/g
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following 24 h. When comparing the pH values of the 
different porridges, there was no significant difference 
but when the % acidity values are compared, Lb. bavaricus 
has the highest and this correlates with its marked 
bactericidal effects.
5.3.6 Growth and survival of pathogens in
prefermented rice porridge with Lb. bavaricus 
+ DME.
Since the previous results in section 5.3.5 indicated 
that Lb. bavaricus was the most inhibitory of the L-l actate 
producers to E. coli V  its inhibitory effects were tested 
with different pathogens. The pathogens were inoculated 
into the prefermented porridge at 1'0® log cfu/g for 24 h at 
30°C. From Table 5.7, the results indicate that after 4 h, 
E. coli decreased about 3.16 log cycles in numbers, 
S. typhimuriurn decreased 3.34 log cycles and S. sonnei 
reduced 3.42 log cycles respectively, and all pathogens 
could not be detected after 5 h (Figure 5.6). The porridge 
prefermented with Lb. bavaricus proved very bactericidal to 
pathogens survival. It is not known as a bacteriocin 
producer and the relatively high levels of lactic acid 
produced during fermentation Soujjesf that this is the 
likely cause of the bactericidal effect.
146
Table 5.7 Survival of pathogens in prefermented
porridge with DME + Lb. bavaricus for 24 h at 
30°C.
Pathogens Time 
(hour)
Growth 
(log cfu/g)
pH % lactate
E. coli 0 5.76 3.36 0.42
1 5.35 N.D. N.D.
2 4.19 3.36 0.43
3 3.53 N.D N.D.
4 2.60 3.35 0.45
5 <2.00 N.D. N.D.
6 <2.00 3.33 0.48
24 <2.00 3.20 0.63
S.typhi. 0 5.74 3.38 0.41
1 5.07 N.D. N.D.
2 3.70 3.36 0.43
3 3.31 N.D. N.D.
4 2.40 3.35 0.43
5 <2.00 N.D. N.D.
6 <2.00 3.33 0.47
24 <2.00 3.20 0.62
S .sonnei 0 5.72 3.38 0.41
1 4.15 N.D. N.D.
2 3.64 3.35 0.42
3 2.88 N.D. N.D.
4 2.30 3.35 0.43
5 <2.00 N.D. N.D.
6 <2.00 3.30 0.46
24 <2.00 3.19 0.61
Note : N.D. = Not Determined
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Fig. 5.6 Survival of pathogens  
in prefermented porridge  
with DME and Lb. bavaricus
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5.3.7 Effects of heating and pH adjusted of
prefermented porridge with Lc.lactis + DME on 
the growth of E. coli.
Rice porridge was divided into 3 portions and
prefermented with Lc. lactis + DME for 24 h at 30°C (Refer
to Appendix). In the first portion, the prefermented
(jbO^C for t<) umwS .^)
porridge was heated^before the addition of E. coli. In 
second portion, the porridge was heated and the pH was 
adjusted back to pH 6.5 using 0.1N NaOH, same as the pH of 
unfermented porridge. The third portion acted as a control , 
where no heating and no pH was adjusted. Table 5.8 
indicates that in the heated and control porridges, there 
was a decline in numbers of the viable cells counts within 
24 h, whereas in the heated and adjusted samples, there was 
an increase- in numbers of E. coli (Figure 5.7) . The 
explanation was that, though the porridge was heated, the 
acid produced is heat stable and remained inhibitory to E. 
coli. This is confirmed by the % of acidity which is almost 
the same as in the control samples where no heat was 
applied. In the heated and neutralized porridge, the lactic 
acid bacteria were killed and pH was favourable to the 
growth of E. coli which was reflected by an increase in 
numbers. This experiment further confirm that pH and 
acidity are the sole factors responsible for the inhibitory 
effects. If there were heat stable factors other than acid 
present then some inhibition of growth would have been 
apparent in the heated, neutralized samples. If there was 
a heat labile factor present than pathogen inhibition in
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the heated sample would have been reduced.
Table 5.8 Effects of heating and pH on the growth and 
survival of E. coli in prefermented rice 
porridge with DME + Lc. lactis-for 24 h at 30°C.
Treatment
(Hour) Heated
Ti me (log cfu/g) (pH) (% 1actate)
0 6.65 3.88 0.23
3 6.23 3.89 0.23
6 5.91 3.88 0.23
24 3.42 3.88 0.23
Heated and adjusted pH 6.5
Ti me (log cfu/g) (pH) (% 1actate)
0 6.66 6.53 0.07
3 8.33 6.00 0.08
6 8.51 . 5.50 0.11
24 8.79 5.22 0.13
Control (no heat and no pH adjusted)
Ti me (log cfu/g) (pH) (% lactate)
0 6.32 3.81 0.24
3 5.90 3.86 0.23
6 5.63 3.82 0.24
24 3.70 3.83 0.24
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Fig. 5.7 Effects of heating and pH on 
the growth of E. coli in prefermented  
porridge with DME and Lc. lactis
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5.3.8 Survival of Lc. lactis inoculum in recycle 
fermented rice porridge.
Application of the technique of prefermentation with 
L-lactate producers in developing countries poses a 
practical problem of how starter cultures would be 
supplied. One approach would be to recycle successful 
fermentations to provide an inoculum for subsequent 
batches. Using an inoculum level of 10% and daily transfer 
into cooked porridge under non-aseptic conditions, a 
reproducible fermentation was achieved throughout a 10 day 
trial period producing a consistent product with a pH of 
3.5-3.8, total acidity levels of 0.23-0.27%, and lc. lactis 
levels in excess of 10 cfu/g (Table 5.9 and Figure 5.8). No 
yeast contamination was evident even though the pH was low. 
In this situation, production of nisin may be advantageous 
since it could inhibit other DL lactate producers from 
taking over the fermentation in such circumstances. Other 
LAB are the organisms that show greatest sensitivity to 
nisin. This was tested using Lb. plantarum. Rice porridge 
was prefermented with Lc. lactis and inoculated with Lb. 
plantarum at the concentration of approximately 107 log 
cfu/g. After 24 h, the results (Table 5.10) show; that Lb. 
plantarum increased about 1.00 log cycle. Therefore, in 
this situation the nisin produced was not effective in 
controlling Lb. plantarum (Figure 5.9). However the 
inoculum level of Lb. plantarum was very high; with lower; 
more realistic inoculum levels, nisin may play a role in 
maintaining a relatively pure culture lactic acid
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fermentati o n .
Table 5.9 Survival of Lc. lactis in recycle fermented 
porridge for 10 days at 30°C.
Lc. lactis
Days (1og cfu/g) pH % lactate
1 7.45 3.78 0.27
2 8.43 3.74 0.24
3 7.85 3.81 0.24
4 7.86 3.82 0.24
■ 5 ■ 8.11 3.76 0.23
6 8.05 3.78 0.23
7 8.23 3.82 0.22
8 8.37 3.61 0.25
9 8.34 3.63 0.25
10 8.27 3.58 0.25
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Table 5.10 Growth of Lb. plantarum in prefermented
porridge with Lt. lactis for 24 h at 30°C.
Time
(hour)
L c .1 acti s 
(log cfu/g)
Lb.plantarum 
(1og cfu/g)
pH % lactate
0 8.46 6.99 3.63 0.25
1 8.50 7.12 N.D. N.D.
2 8.45 7.08 3.63 0.25
3 8.42 7.14 N.D. N.D.
4 8.46 7.35 3.63 0.25
5 8.43 7.25 N.D. N.D.
6 8.29 7.31 3.63 0.27
24 7.04 7.96 3.39 0.41
Note : N.D. = Not Determined
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Fig. 5.8 Survival of Lc. lactis 
in recycle fermented porridge  
for 10 days
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Fig* 5.9 Growth of Lb.plantarum 
in prefermented rice porridge  
with DME and Lc. lactis
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CHAPTER 6
6.0 PREFERMENTATION STUDIES (USING RAGI + LAB).
6.1 Introduction.
Ragi comprises dried, grey-white balls of starter 
containing moulds, yeasts and bacteria on cereal or starch 
crop base which is used as an inoculum for sake , tape 
lao-chao and other fermented foods used throughout East 
and Southeast Asia, in North India, parts of Southern 
Africa and in Central America (Campbell-PIatt, 1987).
6.1.1 Production of ragi.
Rice, millet, cassava or some other starchy base is 
milled and powdered. It is then mixed with herbs and 
spices, often pepper and garlic, which are then roasted 
together. The product is then sieved, water is added and 
shaped into balls, 3-6cm in diameter after starter from a 
previous batch has been mixed in. The balls are incubated 
about 72 h in a humid environment at ambient temperature 
25-30°C to allow micro-organisms to develop. Balls are then 
dried in the sun, then sold as an inoculum for the various 
fermentations (Campbel1-PIatt, 1987).
The product goes under a number of names in different 
countries. Examples and the product they are used to make 
are given in Table 6.1.
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Table 6.1 Some examples of the types of ragi, it uses, 
and the country it originated from.
Types of ragi Uses Country
Atsumandie sake i\l. India
Bakhar sake N . Indi a
Bubod sake Philippines
Chi u-yueh lao-chao Chi na
Itimba sorghum beer Zambi a
Kabubulika banku Zambia
Kapapa banku Zambi a
Loogpang ri ce Thai 1 and
Luk-paeng r i ce Thailand
Murcha sake * N .Indi a
Nuruk sake ; Korea
Peh-yueh 1ao-chao China
Ragi-ketj ap soy sauce Indonesi a
Ragi-peuyeum tape Indonesi a
Ragi-roti nan Indonesia
Ragi-tapai tap e '■.■' Malaysia
Ragi-tape’ tape * Indonesi a
Ragi-tempe tempe Indonesi a
Ranu sake N.Indi a
Razi rice beer Indonesi a
Sarai mandi e sake N . India
Tibi cos colonche Mexi co
U-t-iat sake N . Indi a
Source: (Campbel1-PIatt, 1987)
6.1.2 Microbiology and biochemistry.
Ragi balls generally contain the mould Mucor rouxii, 
the yeast Endomycopsis fibuligera and lactic acid bacteria. 
However, the exact microflora varies with location and the 
particular food for which it is used. Moulds of the genera 
Rhizopus, Aspergillus, Trichosporon, Fusarium and the 
yeasts of Hansenula and Candida species are often present. 
The moulds, typically present at 10^-10® per g, yeasts, 104- 
10^ per g, and lactic acid bacteria, at 10^-10^ per g, are 
generally amylolytic, lipolytic and proteolytic, and it is 
their enzymes which are critical in establishing the
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correct fermentation patterns. The spices and herbs are 
believed to control the development of undesirable bacteria 
(Davidjoseputro, 1970; Saono et al . , 1974; Hesseltine,
1981; Campbel1-PIatt, 1987).
The purpose of the following investigations were to 
determine the effectiveness of using ragi as a starter 
inoculum and saccharifying agent in rice porridge. It was 
reasoned that this would be more available to mothers in 
Asia than product such as diastatic malt extract which are 
prepared from a temperate crop, barley. The ragi used in 
the following investigations was bought from Malaysia, 
(ragi-tapai), used for making tapai-fermented rice.
6.2 Materials and Methods.
(Main Materials refer to Chapter 3 and Methods refer 
to Flow Charts in the Appendix).
6.3 Results and Discussion.
6.3.1 Mi croflora of ragi.
Ten gram of ragi was weighed and mixed with 90 ml of 
maximum recovery diluent (MRD) and a serial dilution was 
prepared. Using a spread plates method, 0.1 ml was spread 
oh appropriate media. Moulds and yeasts were enumerated 
using Dichloran rose bengal chloramphenicol (DRBC), MEC 15, 
and DG 18 plates (refer to Appendix for the formula) and 
MRS for the lactic acid bacteria. For moulds and yeasts, 
the plates were incubated at 25°C for a week, whereas, MRS
159
■type. °f
plates were incubated at 30°C for 24-48 h. Only one/jnould 
-type. -k
and one^yeast colony were, found^grow on the respective
plates (<2.00 log cfu/g) and 2.6 Tog cfu/g of the lactic
acid bacteria were present in ragi.
6.3.2 Changes in pH and acidity of porridge fermented 
with different amount of ragi.
Different amount of ragi (0.2g, 0.5g, 0.8g, and
1.0g/100g porridge) respectively were added to rice 
porridge after cooking and cooling at 30°C. The ragi was 
mixed thoroughly and incubated at 30°C for 24 h.
After 24 h, there were significant changes (p<0.05) in pH 
and acidity of porridge as in Table 6.2. The pH reduced 
from 6.9 to 3.3 and the acidity increased from 0.02% to 
0.60-0.67% lactate. The amount of acid produced was very 
high as compared to the rice porridge prefermented with DME 
+ Lc.7act7s (0.27% 1actate). On this basis one would expect 
it to be very inhibitory to the growth of the pathogens. 
There was no significant di f f erende. (p>0.05) between the pH 
drop and the % lactate produced during 24 h for the 
different levels of ragi added.
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Table 6.2 Changes in pH and acidity of porridge fermented 
with different amount of ragi for 24 h of 
incubation at 30°C
Amount of ragi added pH % lactate
Control (no ragi added) 6.20 0.04
0.2 g 3.29 0.60
0.5 g 3.28 0.66
0.8 g 3.29 0.67
1 .0 g 3.28 0.67
Note: pH before fermentation = 6 . 9  
% lactate = 0.02%
6.3.3 Growth and survival of E. col i in prefermented 
porridge with different amount of ragi.
Rice porridge was inoculated with different amounts of 
ragi (0.1g, 0.2g, 0.3g, and 0.4g/100g porridge) and
fermented for 24 h at 30°C. An over-night broth culture of 
E. col i was then inoculated into the prefermented porridge 
to give a level of 10^ E. coli/g and incubated at 30°C for 
24 h. The pH of the fermented porridge was between 3.7 to
4.0 at the time of inoculation with E. col i. Table 6.3 
indicates that there was no increase in the numbers of E. 
col i at 0, 3, 6 h, for the porridges inoculated with 0.1-
0.3g of ragi but for the 0. 4g ragi added, there was 
approximately 1.0 cfu/g decrease in the numbers of E. col i, 
after 6 h. When comparing the level of acidity at this 
point, it seems that 0. 4g porridge produced the highest 
concentration of lactate and this proved to be
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bactericidal. In the other samples (0.1-0.3g ragi added) 
the pathogen was able to survive over the first few hours. 
However, after 24 h of incubation, E. coli was not detected 
(<2.00 cfu/g) in any of the porridges (Figure 6.1).
6.3.4 Growth and survival of other pathogens in 
prefermented porridge with ragi.
Each 100g of rice porridge was inoculated with 0.1g of 
ragi after cooling to 30°C and incubated at 30°C for 24 h. 
An over-night broth culture of E. coli, S. typhimurium and 
S. sonnei were inoculated into the prefermented porridge 
(pH 3.9) respectively to give a level of around 1-0® cfu/g 
and incubated for 24 h at 30°C.
The results in Table 6.4 are similar to those recorded 
for E. coli alone. The pathogens survived in the first 6 h, 
although their numbers did not increase. After 24 h, the E. 
co 17 could sti11 be detected but decreased by 4.73 cfu/g, 
S.typhimurium and S. sonnei were undetectable (<2.00 
cfu/g). The detection of E. coli in this case is 
attributable to the higher inoculum level compared with 
that used in Section 6.3.3. There was no significant 
different (p>0.01) between the survival of the three 
different pathogens in the first 6 h after inoculation into 
the porridge prefermented with ragi (Figure 6.2). This 
indicates that the prefermented porridge with ragi was 
bactericidal to the pathogens after 24 h of inoculation .
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Table 6.3 Survival of E. coTi in porridge prefermented
with different amount of ragi for 24 h at 30°C.
Amount of ragi added
0.1 g 0.2 g
Time
(hour)
Growth
(log
cfu/g)
pH %
1actate
Growth
(log
cfu/g)
pH %
1actate
0 5.72 3.70 0.23 5.79 3.82 0.21
3 5.92 3.80 0.21 5.67 3.69 0.29
6 5.52 3.64 0.33 5.54 3.55 0.36
24 <2.00 3.40 0.55 <2.00 3.37 0.59
0.3 g 0.4 g
0 5.86 3.99 0.27 5.86 3.68 0.27
3 5.83 3.66 0.36 5.43 3.65 0.32
6 5.27 3.52 0.38 4.91 3.49 0.41
24 <2.00 3.35 0.65 <2.00 3.33 0.70
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Table 6.4 The survival of the pathogens in prefermented
porridge with ragi for 24 h at 30°C.
Pathogens Ti me 
(hour)
Growth 
(log cfu/g)
pH % lactate
E. col i 0 6.91 3.94 0.18
1 6.81 N.D. N.D.
2 6.89 3.80 0.25
3 6.87 N.D N.D.
4 6.76 3.51 0.29
5 6.74 N.D. N.D.
6 6.47 3.58 0.30
24 2.18 3.31 0.57
S .typh7. 0 6.80 3.90 0.18
1 6.64 N.D. N.D.
2 6.65 3.78 0.25
3 6.57 N.D. N.D.
4 6.50 3.56 0.28
5 6.43 N.D. N.D.
6 6.03 3.54 0.30
24 <2.00 3.34 0.58
S.sonnei 0 6.95 3.94 0.18
1 6.88 N.D. N.D.
2 6.80 3.75 0.25
3 6.71 N.D. N.D.
4 6.62 3.55 0.29
5 6.59 N.D. N.D.
6 6.27 3.54 0.30
24 <2.00 3.32 0.59
Note : N.D. = Not Determined
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Fig.6.1 Survival of E. coli
in prefermented porridge
with different amount of ragi
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Fig.6.2 Survival of pathogens
in prefermented porridge
with ragi only
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6.3.5 Growth and survival of pathogens in
prefermented porridge with ragi + Lc.lactis.
After studying the survival of the pathogens in ragi 
prefermented porridge, there was a need to look at the 
effect of adding L-lactate producing LAB in the 
fermentation of the porridge. Therefore the following 
investigation was to study the effectiveness of adding Lc. 
lactis together with ragi in inhibiting the growth of the 
pathogens.
The rice porridge after cooking and cooling at 30°C, 
was inoculated with ragi plus an over-night broth of Lc. 
lactis and incubated at 30°C for 24 h, after which an over­
night broth culture of the pathogens were added at 
approximately 10^/9- The results from Table 6.5 show; that 
after 6 h. S. typhimurium and S. sonnei were more sensitive 
to the acid produced in the porridge than
E. coli. At this stage, numbers of E. coli were reduced by 
1.38 cfu/g, while the S. typhimurium and S. sonnei 
decreased by 1.85 and 1.86 cfu/g respectively. None of the 
pathogens tested were detectable after 24 h of inoculation 
(Figure 6.3).
6.3.6 Growth and survival of pathogens in
prefermented porridge with ragi + Lb. 
bavari cus.
The above investigation was repeated using another L- 
1actate producing bacteria, Lb. bavaricus. S. sonnei was 
the most sensitive to the acid produced in the prefermented
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porridge when compared with E. coli and S. typhimurium 
Table 6.6 shows that 3 h after inoculation into the
porridge, E. coli and S. typhimurium reduced in numbers by 
2.88 and 2.69 cfu/g as compared with S. sonnei which in 2 
h reduced in numbers by 3.02 cfu/g. S. sonnei could not be 
detected after 3 h of inoculation, while E. coli and S. 
typhimurium were undetectable after 4 h (Figure 6.4). There 
was no significant different (p<0.01) in the changes of pH 
and % total acidity of the porridges amongst the 3 
pathogens.
6.3.7 Comparison between the survival of the
pathogens in ragi, ragi + Lc. lactis, and ragi
+ Lb. bavaricus prefermented porridge.
In summary, the survival of the pathogens in ragi,
ragi + Lc. lactiss and ragi + Lb. bavaricus are shown in
Table 6.7. It is clear that the porridge prefermented with 
ragi + Lb. bavari cus was the most effective in inhibiting 
the growth of E. col i, S. typhi muri um and S. sonnei, where 
within 1 h the numbers of pathogens decreased by 1.44, 
1.37, and 1 .87 log cfu/g respectively, and none of the 
tested pathogens survived after 4 h in the porridge. 
Therefore, the fast producing acid L-lactate bacteria, Lb. 
bavaricus together with ragi could be used to ferment 
weaning foods in developing countries to inhibit survival 
of diarrheaogenic-causing pathogens in highly contaminated 
porridge as the survival times for these pathogens were 
very low in these fermented rice porridge.
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Table 6.5 Growth and survival of pathogens in prefermented
porridge with ragi + Lc. lactis for 24 h at 30°C.
Pathogens T i me 
(hour)
Growth 
(1og cfu/g)
pH % lactate
E. coli 0 5.82 3.60 0.27
1 5.42 N.D. N.D.
2 5.33 3.54 0.29
3 5.04 N.D. N.D.
4 5.03 3.54 0.31
5 4.81 N.D. N.D.
6 4.44 3.56 0.29
24 <2.00 3.43 0.47
S . typhi. 0 5.70 3.59 0.28
1 5.21 N.D. N.D.
2 4.82 3.54 0.30
3 4.48 N.D. N.D.
4 4.34 3.53 0.30
5 4.29 N.D. N.D.
6 3.85 3.57 0.29
24 <2.00 3.47 0.40
S.sonnei 0 5.91 3.58 0.28
1 5.20 N.D. N.D.
2 4.94 3.53 0.30
3 4.56 N.D. N.D.
4 4.51 3.53 0.30
5 4.26 N.D. N.D.
6 4.05 3.53 0.29
24 <2.00 3.43 0.43
Note: N.D. = Not Determined
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Table 6.6 Growth and survival of pathogens in prefermented
porridge with ragi + Lb. bavari cus for 24 h at
30°C
Pathogens Ti me 
(hour)
Growth 
(log cfu/g)
pH % lactate
E. co 7 7 0 5.56 3.34 0.41
1 4.12 N.D. N.D.
2 3.13 3.36 0.43
3 2.68 N.D. N.D.
4 <2.00 3.45 0.45
5 <2.00 N.D. N.D.
6 <2.00 3.34 0.47
24 <2.00 3.23 0.67
S. typhi. 0 5.33 3.34 0.41
1 3.96 N.D. N.D.
2 2.88 3.32 0.44
3 2.64 N.D. N.D.
4 <2.00 3.32 0.45
5 <2.00 N.D. N.D.
6 <2.00 3.32 0.48
24 <2.00 3.20 0.70
S.sonnei 0 5.59 3.32 0.42
1 3.72 N.D. N.D.
2 2.57 3.33 0.44
3 <2.00 N.D. N.D.
4 <2.00 3.32 0.45
5 <2.00 N.D. N.D.
6 <2.00 3.31 0.47
24 <2.00 3.20 0.69
Note : N.D. = Not Determined
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Table 6.7 Comparison between the survival of the pathogens
in ragi, ragi + Lc. lactis, and ragi + Lb.
bavari cus prefermented porridge for 24 h at 30QC.
Pathogens Ti me 
(hour)
ragi
(log
cfu/g)
ragi
(log
cfu/g)
ragi + 
L. Tact. 
(log 
cfu/g)
ragi + 
L.bava. 
(log 
cfu/g)
E. co 7 7 0 5.72 6.91 5.82 5.56
1 N.D. 6.81 5.42 4.12
2 N.D. 6.89 5.33 3.13
3 5.92 6.87 5.04 2.68
4 N.D. 6.76 5.03 <2.00
5 N.D. 6.74 4.81 <2.00
6 5.52 6.47 4.44 <2.00
24 <2.00 2.18 <2.00 <2.00
S . typhi. 0 N.D. 6.80 5.70 5.33
1 N.D. 6.64 5.21 3.96
2 N.D. 6.65 4.82 2.64
3 N.D. 6.57 4.48 <2.00
4 N.D. 6.50 4.42 <2.00
5 N.D. 6.43 4.34 <2.00
6 N.D. 6.03 3.85 <2.00
24 N.D. <2.00 <2.00 <2.00
S.sonnei 0 N.D. 6.95 5.91 5.59
1 N.D. 6.88 5.20 3.72
2 N.D. 6.80 4.94 2.57
3 N.D. 6.71 4.56 <2.00
4 N.D. 6.62 4.51 <2.00
5 N.D. 6.59 4.26 <2.00
6 N.D. 6.27 4.05 <2.00
24 N.D. <2.00 <2.00 <2.00
Note : N.D. = Not Determined
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Fig.6.3 Survival of pathogens
in prefermented porridge
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Fig.6.4 Survival of pathogens
in prefermented porridge
with ragi and Lb. bavaricus
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6.3.8 Concentration of D-glucose, ethanol and D/L
lactic acid in porridge prefermented with ragi, 
DME, ragi + Lc. lactis, DME + Lc. lactis, ragi 
+ Lb. bavaricus, and DME + Lb. bavaricus.
A major concern with using ragi which contains yeasts 
and other LAB is the possibility that it would produce 
substantial levels of ethanol and D-l actate neither of 
which would be desirable in a weaning food.
The concentration of D-glucose, ethanol and D/L lactate 
were measured after fermenting the rice porridge for 24 h 
at 30°C with either ragi, DME, Lc. lactis, Lb. bavaricus, 
ragi + Lc. lactis, DME + Lc. lactis, ragi + Lb. bavari cus 
and DME + Lb. bavaricus. Table 6.8 summarises the 
concentration of D-glucose, ethanol and D/L lactate in the 
fermented porridge. The content of D-glucose were very high 
in porridge fermented with ragi, ragi + Lc. lactis and ragi 
+ Lb. bavari cus. This was due to the present of amylolytic 
moulds and yeast in the ragi. The amounts of D-glucose were 
42.44, 39.18, and 46.41 mg/g porridge respectively. Ethanol 
was only detectable in porridge fermented with ragi, ragi 
+ Lc. lactis and ragi +. Lb. bavaricus. The concentration 
were very low ranging from 0.15-0.25%. This was also due to 
the presence of yeasts in the ragi which converted the 
sugar into ethanol during fermentation. The concentration 
of lactic acid was highest in porridge fermented with ragi 
+ Lb. bavaricus and DME + Lb. bavaricus compared with the 
porridges fermented with ragi + Lc. lactis and DME + Lc. 
lactis. However the ratio of D to L-isomers (ratio D:L) was
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higher in porridge fermented by Lc. lactis (ratio 1:149) as 
compared to the Lb. bavaricus (ratio 1:4) fermented 
porri dg e.
6.3.9 Concentration of moulds, yeasts and lactic acid
bacteria in ragi fermented porridge.
Rice porridge after cooking and cooling to 30°C was
inoculated with 0.1g ragi and incubated for 24 h at 30°C.
After 24 h, moulds, yeasts and LAB in the fermented
porridge were enumerated using appropriate media plates
using spread plates methods. Moulds and yeasts were
enumerated using Dichloran rose bengal chloramphenicol
(DRBC), MEC 15, and DG 18 plates and MRS for the lactic
acid bacteria. For moulds and yeasts, the plates were
incubated at 25°C for a week, whereas MRS plates were
incubated at 30°C for 24-48 h. Table 6.9 shows the
concentration of moulds, yeasts and lactic acid bacteria
present in ragi fermented porridge. The concentration of
moulds present in the ragi was between 4.02-4.32 log cfu/g
and identified as the Mucor spp. and the yeasts content was
about 3.30 log cfu/g and identified as Saccharomyces spp.
The lactic acid bacteria present in the ragi was
approximately 8.25 log cfu/g and was identified using API
50 CH identification kit (API-bioMerieux (UK) Limited) for
lactic acid bacteria. The types of lactic acid bacteria
*
identified were the Lactobacillus brevis (97.5%) and
*
Lactobacillus plantarum (99.9%).
*eovt-polciA.ce. le.vtj
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Table 6.8 Concentration of D-glucose, ethanol and D/L
lactate in fermented porridge for 24 h at 30°C.
T reatment D-glucose 
(mg/g)
Ethanol
(%)
D-lactate 
(mg/g)
L-lactate 
(mg/g)
Control 0.05 0.00 0.00 0.00
ragi 42 . 44 0.15 0.45 1.15
DME 2.95 0.00 0.03 0.55
Lc. lactis 0.08 0.00 0.04 0.72
ragi +
Lc. lactis
39. 18 0.25 0.03 4.40
DME +
Lc.lactis
2.88 0.00 0.03 4.47
L.bavari cus 0.08 0.00 0.09 0.65
ragi +
L.bavaricus
46.41 0.17 4.46 16.47
DME +
L.bavaricus
3.34 0.00 3.68 16.59
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Table 6.9 Concentration of moulds, yeasts and lactic acid
bacteria in ragi fermented porridge for 24 h at
30°C.
Media plates Log cfu/g
Moulds DRBC 4.02
Moulds DG 18 4.02
Moulds MEC 15 4.32
Yeasts DG 18 3.30
Lactic acid 
bacteria
MRS 8.25
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CHAPTER 7
7.0 AN OBSERVATIONAL STUDY OF DIARRHOEAL DISEASE IN KUALA
LUMPUR, MALAYSIA.
7.1 Introduction.
7.1.1 Malaysia as a nation.
Malaysia is renowned historically as " The British 
East Indies" and "The Fabled Spice Islands of the East", 
and is situated in the heart of South-East Asia just north 
of the Equator. The nation is made up of two regions- 
Peninsular Malaysia (comprising 11 states, namely Perlis, 
Kedah, Penang, Perak, Selangor, Negeri Sembilan, Melaka, 
Kelantan, Trengganu, Pahang and Johor) and lies between 
Thailand in the north and Singapore in the south, and the 
region which is known as the states of Sabah and Sarawak on 
the northern region of the island of Borneo (Figure 7.1). 
Together they cover a total land area of 330,434 sq. km. 
and are separated by about 550km of the South China Sea 
(TDC, 1992).
Climatically, there are no distinct seasons and 
temperatures vary very little the year round ranging from 
21 to 32°C (70-90°F). Heavy showers are common but they 
usually clear up as quickly as they come.
Malaysia is a multi-racial country with a population 
of approximately 18 million. The cosmopolitan population is 
made up mostly of Malays, Chinese, Indians and numerous 
indigenous people. The ability of the Malaysia's multi-
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racial population to live in peace and perfect harmony is 
indeed something to marvel at and Malaysia has been praised 
by many quarters for her success in social integration. 
Mutual respect for each other's culture, traditions, 
religious belief and way of life has not only created a 
peaceful social environment but has also resulted in 
political stability and a strong economy for the nation 
(TDC, 1992).
7.1.2 Diarrhoea! diseases in Malaysia.
The diarrhoeal problem in Malaysia has improved 
significantly in recent years. In the late 70s it ranked as 
the fifth most important disease in people of all ages in 
Malaysia. Today, the number of hospital admissions and 
deaths due to diarrhoeal diseases has steadily declined and 
presently ceases to be the major public health importance
oiiWAtvov. |
in Malaysia with an^incidence rate of 0.123 per 100,000 
population (Ismail, 1988).
Analysis of the number of diarrhoeal cases in Malaysia 
(1981-1986) revealed that there was an increase in the 
number of diarrhoeal cases every 2 years from 1981 to 1983 
and from 1984 to 1986 (Ministry of Health, 1986) (Figure 
7.2). The greatest number of diarrhoeal diseases was in 
1986 with 12,800 cases per year. This increase in number 
could be due to rapid and better methods of detection used 
in, recent years.
The incidence rate for the five major diarrhoeal 
diseases such as typhoid, cholera, dysentery, food
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poisoning and infectious hepatitis is shown in Figure 7.3. 
In 1986, infectious hepatitis ranked as the most common 
cause of diarrhoeal disease with an incidence rate of 45 
per 100,000 population. This was followed by typhoid with 
an incidence rate of 18 per 100,000 population. The 
incidence rate for food poisoning remained stable 
throughout the five year period, while that of dysentery 
and cholera have declined significantly (Ismai1, 1988).
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Figure 7.3 Incidence of diarrhoeal diseases in Malaysia 
(1981-1986).
Adapted from Ismail, (1988).
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The most recent statistic for the incidence and 
mortality rate of diarrhoea! diseases in Malaysia, (Table 
7.1) shows that the incidence rate was the highest for 
typhoid with 12.46 compared to cholera of 11.63 but the 
mortality rate was higher in cholera then the typhoid at 
the rate of 0.21 and 0.06 respectively. This was followed 
by the food poisoning and dysentery (Ministry of Health, 
1992).
Table 7.1 Incidence and mortality rate of diarrhoea!
diseases per 100,000 population for 1990 in 
Maiaysi a.
Di seases N o . of 
cases
Inci dence 
rate
N o . of 
deaths
Mortali ty 
rate
Choi era 2066 11 .63 37 0.21
Typhoi d 2214 12.46 10 0.06
Dysentery 549 3.09 1 0.01
Food 
poi soni ng 1255 7.07 1 0.01
Source: Ministry of Health, (1992).
Seasonal variation may also influence the occurrence 
of diarrhoea! diseases. Malaysia has two monsoon seasons in 
a year. The North East monsoon brings heavy rains to the 
east coast of West Malaysia as well as Sabah and Sarawak 
during the months of October to March. The South West 
monsoon brings heavy rainfall in May to September to the 
west coast of West Malaysia. Statistics obtained in the 
1987 revealed a preponderance of diarrhoea! diseases during
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the rainy season. This would suggest the involvement of 
contaminated water as a route of transmission (Ismail, 
1988).
7.1.3 An observational study of diarrhoea! disease in 
Malaysia.
During November-January 1991/1992, an observational 
study was carried out at the General Hospital, Kuala 
Lumpur, Malaysia, on children aged 5 and below admitted for 
treatment of diarrhoea at the Pediatric Gastroenteritis 
ward.
7.1.4 The aims of the study were to:
1. Identify the background factors of the children in 
relation to the incidence of diarrhoea.
2. Identify bacteria in weaning food samples and 
stools of the study population.
3. Identify the socio-economic factors of the parent 
in relation to the incidence of diarrhoea.
4. Identify the nutritional practices, health 
practices and nutritional status in relation to diarrhoea.
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7.2 Materials and Methods.
7.2.1 Sampling of patients.
The samples for the study consisted of 30 children 
between the age of one month and 5 years old admitted at 
the Pediatric Gastroenteritis ward. The patients were 
chosen by the investigator on the admission on the
Government case side, that was on every alternate dayv All
the patients admitted to this ward were allocated into one
of two sections (days). For example, if on the first day of 
the week the patients would be allocated to the Government 
case side, the next day the patients admitted would be
allocated to the National University Medical Faculty side. 
The reason for doing this is that the General Hospital is 
a teaching hospital for the medical students of the 
National University of Malaysia, medical faculty. Therefore 
the sample for this study was restricted to the patients 
admitted on the Government case side only.
7.2.2 Background informations.
Information pertaining the background of the patients 
such as age, sex, ethnic groups, birth weight, immunization 
and reasons for admission were obtained from the medical 
charts.
7.2.3 Food samples.
About 100g of food samples were obtained during home 
visit to the house after the patients had been discharged 
from the hospital. The food samples obtained depended on
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what the mother fed the child on the day of the visit e.g. 
milk only, porridge or commercial cereals. The food samples 
were collected in a sterile plastic universal bottle and 
transported in an iced-box at 0°C to Universiti Pertanian 
Malaysia for analysis on the same day if possible, or it 
was stored at -5°C * ; ■ overnight and analysed the next day 
for the present of enterobacteria. by trained technician 
using method by Zen-Yoji, et al. (1976).
7.2.4 Stool samples.
Stool samples (one stool per patient) were collected 
in a sterile plastic universal bottle within 24-48 hours of 
admission to the ward and transported in an iced-box at 0°C 
to Universiti Pertanian Malaysia laboratory for the 
identification of the bacteria present using API 20E system 
(API BioMerieux, France) and identification was carried out 
by the trained technician according to the method by Zen- 
Yoji , et a 7. (1976).
7.2.5 Socio-ecomnomic status of the parents.
Information about the socio-economicv background of
the parents such as age, education levels, occupation, 
income, family members and other nutritional, health and 
living practices were gathered through an interview^ with 
the parents at the ward using a set of questionnaires 
(refer to Appendix).
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7.2.6 Anthropometric measurements.
Anthropometric measurements such as height (supine 
length under 2 years of age) and weight of the children 
were measured. Height (standing for children aged 2 years 
or more) was measured using microtoise (accurate to + 1cm, 
Stanley, U.S.A) or an infantometer locally made board for 
supine length (accurate to +1cm). For weight a standard 
beam balance, accurate to +100g was used for children over 
12 months; a Kanebo (Japan) infant balance (accurate to 
+100g) was used to weigh children under 12 months of age.
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7.3 Results
7.3.1 Background of patients.
The sample, studied consisted of 30 children. The age 
of the children ranged between 1 to 57 months. Table 7.2 
indicates that the age-group 7-12 months represented ' j . f  12 
of the samples admitted for diarrhoea, followed by the 1-6 
months age group (7), 13-24 months and 25-36 months age
group (4) each respectively, and 37-60 months age group 
(3). Seventeen of the children were male and 13 were 
female.
Table 7.2 Distribution of the age-group of the 
children.
Age-group N o . of chi 1d . Percent (%)
1 month 1 3.3
2 months 3 10.0
3 months 0 0.0
4 months 1 3.3
5 months 1 3.3
6 months 1 3.3
7-12 mons. 12 40.0
13-24 mons. 4 13.3
25-36 mons. 4 13.3
37-60 mons. 3 10.0
Total 30 100.0
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Half of the children studied were Malays (17), 
followed by Indians (9), Chinese (2) and Indonesian (2) 
(Table 7.3).
Table 7.3 The ethnic groups of the children.
Ethnic groups No. of chi 1d Percent (%)
Mai ay 17 56.6
Chi nese 2 6.7
Indian 9 30.0
Indonesi an 2 6.7
Total 30 100.0
The birth weight of the children ranged from 1680g- 
4000g (Table 7.4). Almost half the children had birth 
weight between 2501g-3000g.
Table 7.4 The birth weight of the children.
Bi rthwei ght N o . of chi Id. Percent (%)
1500 - 2000g 4 13.3
2001 - 2500g 3 10.0
2501 - 3000g 13 43.3
3001 - 3500g 8 26.7
3501 - 4000g 2 6.7
Total 30 100.0
189
Immunization for the children is mandatory in 
Malaysia. Therefore, 29 of the studied children had
completed the immunization required for the age. The
immunization given were BCG, DPT (Di p'frfoer i a , Polio,
Tetanus), measles and hepatitis B. Only one child had not 
completed the immunization as the child was not well
whenever the mother wanted to take the child to the clinic 
to have him immunised.
Many reasons were given by the mothers as to why their 
children were admitted to the hospital. Eight complained 
that the child were having diarrhoea only. The most
frequent reason given was that the child were having 
diarrhoea and vomitingj upon admission (10). The rest of
the mothers complained that their child had fever,
diarrhoea and vomite-cH (6), and 5 had fever and diarrhoea
(Table 7.5) .
Table 7.5 Reasons given for the child’s admission to 
the hospital.
Reasons gi ven No. of child Percent (%)
Diarrhoea 8 26.7
Vomi t 1 3.3
Fever, Diarrhoea, Vomit 6 20.0
Fever and Diarrhoea 5 16.7
Diarrhoea and Vomit 10 33.3
Total 30 100.0
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7.3.2 Food analysis.
Twenty five food samples were collected during home 
visit to the families in the house after ' discharge,! 
from the hospital. Five samples were not available during 
the visit because the mothers fed the child breast milk on 
that day. Samples were analysed for the contamination of 
bacteria and identified for the presence of 
e n t e r o b a c t e r i a \  Out of 25 samples, 9 samples consisted 
of infant milk formula only, 10 samples were rice porridges 
and 6 samples were commercial process cereals (Tables 7.6).
Table 7.6 Number of food samples collected for 
analysi s.
Types of foods no. taken percent (%)
Milk 9 36.0
Rice porridges 10 40.0
Process cereals 6 24.0
Total 25 100.0
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Out of 25 samples, 9 samples had no growth detected. 
These samples were mostly from the formula baby milk. 
Twelve samples had bacteria levels of 10 log cfu/g, and 4 
samples contained bacteria at a level of 10 log cfu/g. The 
bacteria were isolated and identified, and were found to be 
f E. col i i (Table 7.7). No further tests were carried 
out to identify - the serotypes of the bacteria 
(enteropathogenic E. coli or enterotoxigenic E. coli) 
because no complete identification materials were available 
for serotyping .
Table 7.7 Concentration of bacteria in the food samples.
Bacteri a cone. No. of samples Percent (%)
No growth 9 36.0
Log 10^ cfu/g 1 12 I 48.0
II
Log 1013 cfu/g I 4
I
| 16.0
Total N = 25 100.0
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7.3.3 Stools analysis.
Thirty stool specimens were collected from the sick 
children admitted for diarrhoeal diseases throughout the 
study with the help of nurses on the Pediatrics 
Gasteroenteritis ward. The specimens were analysed by 
trained technicians in the Veterinary Science Faculty at 
Universiti Pertanian Malaysia. The most frequent bacteria 
recovered from stool specimens was E. col i with recovery in 
17 of the total specimens, followed by coliforms (6), and 
the rest cov*pv~ised Klebsiella spp. (4) and Enterobacter 
spp. (2) . Two specimens had a mixture of E. col i and 
Klebsiella spp. present " and one specimen had a
mixture of E. coli and Escherichia hermannii (Table 7.8).
Table 7.8 The occurrence of bacterial agents in the stool 
samples.
Bacteria isolated No. of specimens
E. col i 17
Co 1 i forms 6
Klebsiella pnemoniae 2
Klebsiella pnemoniae + 
E. co 1 i 1
K1ebsi ell a pi anti col a + 
E. CO 1 7 1
Escherichia hermannii + 
E. col i 1
Enterobacter aerogenes 1
Enterobacter cloacae 1
Total 30
193
7.3.4 Health history.
The mothers were asked about the chi 1 di hi story of 
sickness within 30 days before the admission to the 
hospital. Two thirds of the children did had some form of 
sickness e.g. flu (7), diarrhoea (4), cough (1), fever (9), 
and asthma (3). The duration of the sickness varied from 2- 
9 days depending on the type of illness. The children 
mostly contacted the illness once or twice within the 30 
days period, (Table 7.9).
All the mothers reported that they sought medical 
treatment either at the government hospital or at the 
private clinics.
Table 7.9 Some of the illnesses most reported contacted 
by the children within 30 days prior to the 
admission to the hospital.
Types of illness Percent(%) Durati on Frequency
Flu 23.3 2-7 days 1
Diarrhoea 13.3 3-9 days 1
Cough 3.4 3 days 1
Fever 30.0 2-7 days 1-3
Asthma 10.0 3-7 days 1-2
7.3.5 Health practices at home.
All mothers interviewed reported that they washed 
their hands before cooking or handling any food. Only 2 of 
the mothers washed their hands before feeding the child, 
whereas 28 did not do so. All of the mothers practiced hand 
washing after going to the toilet. With respect +o the 
preparation of formula milk, only 3 mothers boiled the 
feeding bottle, whereas 27 washed with ordinary water or 
rinsed with hot water. All of the mothers used boiled water
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to prepare milk for their children. Twenty six out of 
thirty households owned a refrigerator.
7.3.6 Feeding practices during diarrhoea.
During their stay in the hospital, all the children 
continued with milk drinking either breastfeeding or 
bottlefeeding. Those bottlefed were given diluted milk 
depending on how serious was the illness. For those 
children who had contacted diarrhoea seriously, the milk 
was diluted to half strength to avoid further diarrhoea. 
About half the mothers complained that the child tended to 
drink less milk because lack of appetite and half <vfe "less 
than usual" due to aneroxia or three child was too weak to 
eat. No food or drinks other than milk were aJlowcci ), The 
food that was recommended during the chi Ids stay in the 
hospital were oral dehydration salt, milk (depend on the 
strength) and rice porridge.
Some mothers gave traditional treatment before sending 
their children to the hospital. These traditions included 
strong tea to harden the stools (4). Two Indian mothers 
gave ommum water (spicy water available in the Indian shop) 
to the child. One mother reported giving coconut water to 
stop diarrhoea, and one mother gave rice water (water 
obtained from boiling rice). None of the mothers
interviewed knew what causes diarrhoea and how the child 
may have come into contact with the disease.
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7.3.7 Socio-economic status of the parents.
Most of the parents were young (under 35 years of 
age). Table 7.10 below shows the distribution of the age of 
the parents.
Table 7.10 Age distribution of the parents.
Age range Mother Father
(years) No. (%) No. (%)
2 0 - 2 5 7 23.3 2 6.6
26 - 30 10 33.3 8 26.7
31 - 35 11 36.8 8 26.7
3 6 - 4 0 1 3.3 9 30.0
41 - 45 1 3.3 3 10.0
Total 30 100.0 30 100.0
Most of the mothers in the study completed their 
higher secondary school education as shown in Table 7.11. 
with respect to the father, 10 completed their higher 
secondary school education and 5 completed college or 
university level.
Table 7.11 Education levels of the parents.
Mother Father
Education levels N o . (%) No. (%)
No school 1 3.3 0 0.0
Primary school 8 26.7 6 20.0
Lower secondary 6 20.0 9 30.0
Higher secondary 13 43.3 10 33.3
College or university 2 6.7 5 16.7
Total 30 100.0 30 100.0
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Table 7.12 provides information on the ocupation of the 
mother and father in the sample.
Table 7.12 Occupation of the parents.
Occupation (Mother) No. Percent (%)
Housewi fe 22 73.4
Cleri cal 3 10.0
Teacher 1 3.3
Factory worker 4 13.3
Total 30 100.0
Occupation (Father) No. Percent (%)
Manual 11 36.6
Technical 3 10.0
Profesi onal 5 16.7
Army/police 3 10.0
Private firm 2 6.7
Self-employed 6 20.0
Total 30 100.0
The total monthly income of the family ranged from
votv»ct\
$250- $3400 (Malaysian Dollars : £1 = $4.00) of /c 22 earned 
$1000 and less and 8 earned more than $1000 per month, 
Table 7.13. These amounts of income were to support the 
average family of 5.0.
Table 7.13 The total family income per month.
Total income (M$) No. of families Percent (%)
250-500 12 40.0
501-1000 10 33.3
1001-1500 3 10.0
1501-2000 3 10.0
2001-above 2 6.7
Total 30 100.0
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~ " The families studied consisted of 3-9 family
members, with the average of 5 in a family. The numbers of 
children varies from 1-7, with the average of 3 (Table 
7.14).
Table 7.14 Number of family members in a family at the 
time of the study.
Family members No. Percent (%)
3 9 30.0
4 4 13.3
5 8 26.6
6 3 10.0
7 2 6.7
8 2 6.7
9 2 6.7
Total 30 100.0
7.3.8 Nutritional practices.
7.3.8.1 Breastfeeding practices.
All the children studied were given milk. The types of 
milk given were breast milk (4), 25 formula milk and one 
child was given mixed feeding. At birth, 27 of the children 
were breastfed, 25 of the children were breastfed on the 
first day of life, and 2 received breast milk within 2-4 
days after delivery. Most of the mothers (27) interviewed 
reported that they wanted to breastfed their child.
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Half of the mothers started to mix the breast milk 
with bottle milk after 1 month. Seven breastfed children 
received the mixed feeding after 3 months, (Table 7.15). 
Only 4 children were breastfed to 6 months of age and 
longer.
Table 7.15 Duration of breastfeeding practices.
Time breastfed No. of chi 1 d Percent (%)
1 day 25 83.3
2-4 days 2 6.7
1 month 14 51.9
2 months 1 3.7
3 months 7 25.9
4 months 1 3.7
5 months 1 3.7
6 months 1 3.7
7 months 2 7.4
9 months 1 3.7
Total 27
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Many reasons were expressed by the mothers for mixing 
the breast milk with bottle milk (Table 7.16).
Table 7.16 Reasons given for mixing breast milk with 
bottle milk.
■ ' ' ....
Reasons given No. of mothers Percent (%)
Not enough milk 17 63.0
Mother start working 6 22.2
Child refused 2 7.4
Mother's sick 2 7.4
|
Total j
i
27 100.0
Note : Another 3 samples were still receiving whole 
breastmi1k or bottle milk.
The types of bottle milk given were powdered milk 
(25), baby formula (1), and evaporated milk (1). The 
frequency of bottl ef eedi ng per day varied from 1-3 feeds 
(7), 4-6 feeds (19), and more than 6 feeds per day (1).
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7.3.8.2 Supplement feeding.
Twenty three of the children studied received 
supplement feeding e.g. rice porridge with vegetable plus 
meat or fish, or processed cereals. These supplements were 
given between the age of 2 months and 12 months. Most of *fl^ 
children were given supplement feeding at the age of 3 to 
4 months of age (Table 7.17).
Table 7.17 Age of children supplement feeding.
Age (months) No. of child. Percent (%)
2 1 4.3
3 4 17.4
4 8 34.9
5 3 13.1
6 2 8.6
7 1 4.3
8 1 4.3
12 3 13.1
Total 23 100.0
Note :'ffce:other 7 samples might be to young to receive 
supplement feeding.
Twenty of the mother^ interviewed reported that the 
food given to the children was prepared when required. Only 
3 mothers cooked the food that lasted for the whole day. 
The food was stored in the refrigerator.
Feeding was done primarily by the mothers (17). One of 
the child^was fed by his grandmother and 5 of the children 
by the mothers' helper. About half the children ate family 
food.
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7.3.9 Nutritional status of children.
The nutritional status of the children as described by 
the anthropometric data is shown in Figures 7.4 and 7.5. 
The weight for age and length (height) for age were 
compared with the NCHS/WHO standard reference (Jelliffe & 
Jelliffe, 1989). The weight-for-age for a majority of the 
children studied was below the standard reference (Figure 
7.4). Leng+H-for-age of the children closely followed the 
standard reference (Figure 7.5). The children in the study 
may have lost body weight during diarrhoea! period or the 
children may have already lost weight due to factors other 
than an infection because two thirds of the children had 
other infection a month prior to admission to the hospital 
(Table 7.9). (Refer to Appendix for detailed data of each 
child for weight and length).
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Fig. 7.4 Comparison of weight for age 
of d iarrhoea children with N C H S /W H O  
standard reference
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2 0
15
oo
5
0 10 20 30
Age (months)
°  Diarrhoeal Child —F- N C H S /W H O
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Fig. 7.5 Comparison of length (height) 
of d iarrhoea children with N C H S /W H O  
standard reference
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7.3.10 House conditions and environmental 
sanitation.
The types of houses owned by the families in the study 
is shown in Table 7.18. One third of the study sample lived 
in a brick single storey terrace house. Some owned wooden 
house (9), and the rest in 2 storey terrace house (3), in 
bungalow house (1), in wooden and brick single storey house 
(5), and in flat (2). Most of these houses have flushed 
type of toilet (18), some have poured type of toilet (10),
and 2 of the houses have a dugged-hole type of the toilet.
+ke.
Twenty eight out of^30 • _ households did not share the
toilet with other households.
Table 7.18 Types of houses.
Types of house No. of household Percent (%)
Brick bungalow 1 3.3
Brick 2 storey 3 10.0
Brick 1 storey 
Wooden + brick
10 33.3
1 storey 5 16.7
Wooden 1 storey 9 30.0
Flat 2 6.7
Total 30 100.0
Twenty six of the houses had piped water in the house. 
Two had piped water outside the house, and 2 of the 
households used well water for their daily v\e.ec/s* Twenty 
eight of the houses were provided with electricity. One 
house used a generator for energy supply and one used 
kerosene for lighting. The energy supplied for cooking come 
from gas (23), kerosene (5), wood (1) and charcoal (1).
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Two thirds of the households had garbage disposed by 
the town council. Five households burnt their garbage and 
5 households had no place to dispose of daily garbage. 
Therefore the garbage rotted round the back of the house or 
in the drains or on unused land.
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7.4 Discussion.
Even though this study consisted of a small number of
iia4 o
families and children, it has given an insight current 
diarrhoea! diseases and the identification of bacteria 
among children under 5 years of age in Kuala lumpur, 
Malaysia. Although this observational study did not attempt 
to evaluate the incidence of diarrhoeal disease with 
respect to age, it is well reported that the incidence of 
diarrhoeal diseases is especially high after weaning is 
initiated (Barrell & Rowland, 1979). In a study of infants 
and children in a Guatemalan Mayan village, Mata (1978) 
noted that the prevalence of many infections increased 
during the weaning period. Rowland & McCollum (1977) 
reported that there is particularly high incidence of 
diarrhoeal diseases between 7 and 18 months with the peak 
at 9 months of age. Similarly, Black et al. (1982a; 1982b) 
found that the prevalence of diarrhoea was highest during 
second 6 months of life and declined with increasing age 
thereafter. Studies by Daniels et a7. (1990); Kangchuan, et 
a 7. (1991) and Knight et a 7. (1992) indicated that
incidence of diarrhoeal diseases was highest among children 
under 1 year of age. The declining incidence of foodborne 
illness with increasing age is explained by probable 
acquisition of immunity from repeated exposure to the 
pathogens.
The predominance of male children (56.7%) may be due 
to males having higher incidence of acute diarrhoea or more 
severe diarrhoea in terms of loose stools as compared to
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female children. Other studies in Southeast Asia have also 
found higher percentage incidences of diarrhoea in male 
children (Sunoto, 1982). The reason for this difference to 
the author's knowledge is not known.
The results indicated that highest incidence of 
diarrhoea! diseases was amongst the children of Malay 
ethnic group (56.6%). which reflects the majority status of 
Malay in the country (57.4%) (Malaysia 1987, Department of 
Statistics). The Malays and Indians groups had a lower 
income compared with the Chinese group in the study. The 
Malay and Indians more frequently sought medical treatment 
at the government hospital as the cost of the treatments 
was cheaper. Because this study was not designed to examine 
the disease in general, it is not possible to make 
conclusions about ethnic differences.
Although most of the children studied completed their 
childhood immunization (BCG, Diphteria, Polio, Tetanus & 
Hepatitis B) this did not protect them from diarrhoea! 
disease. Currently, there is no vaccine capable of 
providing general protection against foodborne infections, 
and it is unlikely that there will be a general vaccine. 
Attempts are being made to develop vaccines for specific 
foodborne diseases such as cholera and shigellosis, however 
these efforts are still at the research or experimental 
stage (Motarjemi et a7. 1993).
Many studies support the importance of proper and 
appropriate food storage in the prevention of dangerous 
levels of bacterial contamination in foods. In our study,
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only 3 out of 23 mothers interviewed reported that the food 
given to the children was stored for the whole day in the 
refri gerator. The rest of the samples reported that food 
was made when required. Prolonged storage of cooked food 
before consumption has been reported to be related with 
diarrhoea (Knight et a7. 1992). Black et a 7. (1982c) showed 
food and milk stored at high ambient temperatures to have 
high levels of contamination with E.coli. Similarly a study 
by the International Commission on Biological 
Specifications for Foods (1974) demonstrated the percentage 
of weaning foods that were hazardously contaminated rose 
10-fold after storage for 8 hours.
The sources of food contamination are numerous: 
nightsoil, polluted water, flies, pests, domestic animals, 
unclean utensils and pots, dirty hands, and a polluted- 
environment caused by lack of sanitation, domestic animals* 
droppings, dust and dirt, etc. (Motarjemi et a l . 1993). 
Unclean baby bottles and teats are a potential source of 
contamination and several studies have indicated that 
babies bottles are not effectively washed and boiled
(Michanie et a7. 1987; Bryan et a7. 1988). As mentioned in
c v w d  ■fect-fS
our study mothers seldom boiled the bottlesj^for feeding 
milk, ~ The mothers washed these with ordinary
water or rinsed with hot water (which is not enough to 
sterilise the bottles). This could be one way of
contaminating milk formula even though boiled water is used 
to prepare milk formula.
Touching food with contaminated hands has been the
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cause of many outbreaks of foodborne diseases. For those 
pathogens that have a low minimum infective dose and for 
which the human body is the main reservoir, e.g. Shigella 
spp., and S. typhi. contaminated hands are a particularly 
important risk factor (Motarjemi et al. 1993). Even though 
the mothers in our study reported washing hands before 
handling and cooking foods, and after going to the toilet 
they did not practice washing hands before feeding which is 
very important (2 out of 30 mothers reported c hand: 
washing before feeding the child). This suggests that in 
the present study, solid foods could become contaminated 
(during feeding) from the mother's dirty hands. The direct 
relationship between hand contamination and diarrhoea may 
explain why hand washing is an effective intervention for 
the reduction of diarrhoeal disease (Black et al. 1981a; 
Khan, 1982; Sircar et al. 1987).
Allowing children to drink unboiled water is strongly 
correlated with diarrhoea, where either household drinking 
water is not boiled or children are reported to drink 
unboiled water (Knight et al. 1992). In our study all 
mothers reported using boiled water to prepare mi 1k for the 
children but no information was gathered about household 
drinking water.
The most frequent bacteria recovered from stool
specimens of diarrhoeal children was E. col i and this was
supported by the analysis of weaning food where E. coli was
the main bacteria isolated even though at a very low level
'TWvS
of 10-10 log cfu/g organism >.i.s used as an indicator of
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faecal contamination and is usually transmitted through the 
faecal-oral route. This is in keeping with the reports from 
other studies where the bacterial pathogens are still 
important aetiological agents of diarrhoea in developing 
countries (Black et al. 1981c; Black et al. 1982a,b;
Guerrant et al. 1983; De Mol et al. 1983). EPEC
(enteropathogenic E. coli) was the commonest bacterial 
isolate followed by Shigella species, C. jejuni and 
Salmonel1 a species.
This study examined the social economic status (SES) 
of the parents. Other studies carried out in Malaysia 
reported that there were no significant association of 
diarrhoea with the number of people living in the 
household, SES, and caregiver’s educational level (Knight 
et al. 1992). Lyle (1984) in a community-based cohort study 
of Malaysian children aged less than 5 years, failed to 
find an association with diarrhoea for family size, 
father's income and mother's knowledge of disease 
transmission. However, other studies have confirmed the 
importance of a mother's education in understanding the 
causes of death of her children, even after the effect of 
husbandts - income or education is held constant (Caldwell, 
1979; Schultz, 1980; Farah & Preston, 1982; Schultz, 1984). 
According to a study in Burma (Maung et al. 1992) a low 
family income of less than US$ 70 a month was associated 
with persistent diarrhoea and malnutrition. Kangchuan, et 
al. (1991) found that^adult with an average annual income 
of less than US$ 96/capita had significantly more
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diarrhoeal attacks than adult with an income of more than 
US$ 96. A low educational level of the mother was also 
associated with persistent diarrhoea and malnutrition 
whereas educational levels of the father, did not show any 
significant correlation (Maung et al. 1992). Similarly, the 
incidence of diarrhoea in the poorly educated people was 
significantly higher (1,151.3/1,000 per annum) than it is 
in those who had a middle school education (683.8/1,000 per 
annum) (Kangchuan, et al. 1991).
Breast milk is nutritious and generally safe food for 
newborn infants, and exclusive breast-feeding, i.e. giving 
the infant no fluid or other food than breast milk, 
protects against diarrhoea by minimizing the infant's 
exposure to foodborne and waterborne pathogens. Breast­
feeding may also reduce the severity of diarrhoeal 
illnesses and has an influential effect on preventing 
diarrhoea-associated deaths (WHO, 1989a; WHO, 1989b. & de 
Zoysa, et al, 1991).
The cessation of breastfeeding was explained by 
mothers in our study with various reasons, not enough milk; 
mother returning to work; the child refusing breast milk 
and health conditions of the mother. Weaning is initiated 
in many cultures at an earlier age than is nutritionally 
necessary, i.e. before 4-6 months. However, when the infant 
reaches 4-6 months of age, breast milk needs to be 
supplemented, and substituted by appropriate foods until 
the child is gradually introduced to family food. With the 
introduction of weaning foods, (which in many countries are
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prepared under unhygienic conditions) infants, who until 
then have only consumed breast milk may be exposed to 
infective doses of foodborne pathogens.
Recent surveys in developing countries indicated that 
exclusive breast-feeding is a very infrequent practice, and 
water, various infusions, rice water, and similar foods are 
often introduced to young infants at a very early age (WHO, 
1991). Consequently, contaminated weaning food may increase 
the risk of diarrhoeal diseases even during the very early 
months of life. Knight et a 7. (1992) in a study in
Malaysia, found that for the 60 pairs of children less than 
24 months of age, bottle feeding (with or without 
breastfeeding) was strongly associated with diarrhoea. 
Breast feeding did not appear to protect against diarrhoea 
in infants, although only 25 pairs of children were 
involved. In another study in Brazil, Victora et al. (1987) 
found that infants who were not breastfed had significantly 
higher risks of death from diarrhoea and respiratory 
infections, as compared to exclusively breastfed and part- 
breastfed children.
A number of community-based epidemiological studies 
have examined both diarrhoeal incidence rates and the 
duration of illness by children's preexisting 
anthropometric status. Tomkins, (1981) concluded that 
children with weight-for-height statistic less than 80% of 
that expected had 47% more episodes of diarrhoea. Children 
with low weight-for-age and low height-for-age statistics 
had diarrhoeal attack rates similar to those of their
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better-nourished counterparts. However, the prevalence of 
diarrhoea was significantly greater among malnourished 
children regardless of the anthropometric classification 
system used. Sepulveda et a7. (1988) found that the
incidence rates of di arrhoea increased by about 80% in
moderately malnourished children (weight-for-age statistics 
between 60 and 75% of those expected) compared with those 
whose initial weight-for-age levels were greater than 90% 
of those expected. In rural Sudan El Samani et al. (1988) 
reported that underweight children (<90% of the expected 
weight-for-age level) had diarrhoeal incidence rates that 
ranged from 20 to 50% greater than their wei1-nourished 
counterparts. According to Black et al. (1984) and Bairagi 
et al. (1987) the duration of all diarrhoeal illness and of 
diarrhoea specifically associated with either 
enterotoxigenic E. col i or Shigella were substantially 
greater amomg malnourished children compared with well- 
nourished control.
Water supply and sanitation programmes can have a 
substantial impact on diarrhoea morbidity (Esrey et a 7. 
1985). Shuval et al. (1981) proposed a threshold theory
that the impact of latrine ownership appears to be greater 
among families who have higher socioeconomic status and 
better water-use and hygiene practices than the lower 
socio-economic status. In contrast, Esrey & Habicht (1988) 
found that latrine ownership in Malaysia had a greater 
impact on infant mortality among families with illiterate 
mothers than among those with mothers who were literate and
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suggested that this may be because literate mothers without 
access to toilets nevetherless dispose of faeces in a 
relatively safe way, and thus derive less benefit from 
latrines than their illiterate counterparts. In our study, 
most of the householdshad a good water supply from piped 
water and had proper latrines. Garbage disposal was good 
even though 5 out of 30 households disposed their garbage 
at the back of the houses or in the drains. Here garbage 
attracts flies and other pests to the house which may cause 
food contamination.
In conclusion, diarrhoeal disease is a problem among 
children at weaning age in developing countries including 
Malaysia. Even though the level of bacteria found in 
weaning foods was low in ; study but this indicates that 
E. col i is the main bacterial agent that causes diarrhoeal 
in this country. The presence of this bacterial indicates 
that the mode of transmission is usually by faecal-oral 
route. The dangers of the presence of pathogenic bacteria 
in weaning food could be overcome by feeding children with 
fermented weaning foods. The results of our study have 
shown that the fermented and prefermented porridges reduces 
the number of viable cells and the survival times of 
diarrhoeal-causing pathogens are less in porridges prepared 
by fermenting processes.
0^\r
Breast feeding should be encourage^as long as possible 
and supplementation age should be delayed. A simple change 
in patterns of behaviour in education programmes^such as 
hand washing before feeding the child; should be practised.
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Awareness of the importance of other hand washing practices
e.g. before handling foods, cooking, and after defaecations
should also be emphasised in education programmes. Mothers
should be encouraged to sterilise feeding bottles and teats
be.
as often as possible or shouldy^encouraged to feed their 
child using cups and spoons. The identification of patterns 
of behaviour (hand washing and sterilizing feeding bottles 
and teats) relating to contamination might therefore give 
a better insight into effective intervention strategies 
against diarrhoea.
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CHAPTER 8
8.0 CONCLUSIONS
From an observational study in Malaysia, the incidence 
of diarrhoeal disease was high among infants and children 
under 1 year of age (63.3%) and the most prevalent at the 
age of 7-12 months (40%). All children received breast milk 
after birth but only 50% remained breastfed until one month 
old. However, only 4 out of 30 remained breastfed until the 
age of six months. The most frequent bacteria recovered 
from stools and food analysis was E. coli. Thei bacteria 
could had been transmitted through the faecal-oral route. 
Touching food with contaminated hands and using dirty 
feeding utensils could be the ways of transmitting this 
disease in this country.
The results from the experimental study show that 
adequately cooked cereal based weaning foods are. 
microbiological 1 y safe provided +Ke»j are not subject to 
recontamination after cooking even though \\- ■ is left at
ambient temperature. This situation seldom exists in 
developing countries, due to unclean and limited water 
supply, dirty handling of weaning food, unclean utensils 
used, flies, and improper faecal disposal.
Post-cooking contamination of weaning foods presents 
a serious risk to food safety as the food offers conditions 
favourable to pathogen multiplication. A slight 
contamination of weaning food with diarrhoeagenic pathogens
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could be hazardous to an infant as indicated in our study 
where E. coli, Salmonella typhimurium, Shigella sonnei and 
Staphylococcus aureus all grew well in a cereal-based 
medium reaching a level of 10^ log cfu/g within 24 h.
Lactic fermentation can inhibit the growth and 
survival of diarrhoeagenic pathogens but to be successful 
it requires; (i) much of the starch to be saccharified to
fermentable sugars, (i i) the lactic acid bacteria to have
a large numerical dominance over the pathogen population - 
this is best achieved by prefermentation.
The results from the study indicate that the observed 
inhibition of pathogens is attributable to the production 
of lactic acid and the reduced pH that results. No evidence 
was found that the bacteriocin nisin made any appreciable 
contribution when a nisin producing bacterium was used.
Among the strains of LAB tested, Lb. plantarum was 
most effective in inhibiting the growth of the pathogens 
because it is a strong producer of lactic acid, but one 
drawback of using this bacteria was that it produces large 
amount of the D(-) isomer of lactic acid. As studies have
shown that D(-) isomer of lactic acid was less well
iis i i- ie -S j
metabolized by humans^especial1y in infants might lead to 
aci dosi s .
Other species of L-lactate producing lactic acid 
bacteria were tested. It was found that Lb. bavaricus was 
comparable to Lb. plantarum in term of acid production 
besides Lc. lactis (known for its bacteriocin-nisin) . The 
inhibitory effect of Lb. bavaricus and Lc. lactis were
218
tested with diarrhoeal-causing pathogens and it was found 
that Lb. bavaricus was the most effective in inhibiting the 
growth of the tested pathogens as compared with Lc. lactis.
An alternative procedure to enhance the inhibitory 
effect of fermentation was to preferment the porridge 
before the addition of the pathogen. This method was the 
most effective since the pathogen inoculum was introduced 
directly to the growth inhibitory medium with a pH of 
around 4.0 or less. The results show a lethal effect on the 
pathogen.
It is possible to employ this technique using starter 
cultures which produce predominantly the L-lactate isomer^ 
thus avoiding the possibility of D-lactate acidosis. This 
would require an added starter as natural cereal
fermentations tend to contain roughly equimolar quantities 
of D and L isomers.
This presents practical problems for using the
technique in developing countries though there is evidence 
that this would be possible;
(i) Ragi-type starter cultures could be used as
saccharifying agents and L-lactate starters might be 
incorporated in these.
(ii) Recycling of fermented porridge to initiate new 
fermentations was successfully demonstrated in the
laboratory. Production of nisin to inhibit other LAB under 
these conditions may prove an advantage though this was not 
seen in the experiments tried here.
Many weaning foods fed to children in developing
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countries have high level of faecal contaminations. A 
method to eliminate pathogenic bacteria and inhibit their 
growth during storage of weaning food can benefit nutrition 
and health in young children considerably. Use of fermented 
foods for feeding children of weaning age appears to be an 
effective solution to diarrhoea problem. Fermented foods 
have lower levels of diarrhoeal-causing pathogens, they are 
suitable for child feeding, and can be safely stored for 
much longer periods of time than the fresh foods. The 
practice has been a traditional way of food preservation in 
many parts of the world. The antimicrobial properties of 
fermented foods and their relative higher safety has been 
documented since the early 1900s. Fermentation is a
familiar and already accepted procedure for food
preparation in many societies. To enhance the inhibitory 
effect, the prefermentation of weaning food would be a
better alternative solution. The potential benefits of 
using fermented or prefermented foods for child feeding, 
particularly where risk of contamination under poor 
environmental conditions is high, should now be .
recognized and needs to be promoted in developing world if 
diarrhoeal disease is going to be eliminated. Fermentation 
is practical, economical and familiar to the mothers in 
many countries. It seem to have a potential for making 
weaning a much safer experience for many children living 
under poverty and undesirable hygiene conditions.
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From this work several areas of future research can be 
identified:-
1. A more detailed study is necessary to look into
the potential benefit of nisin controlling other lactic
acid bacteria during fermentation of weaning foods.
2. A clinical study of lactic acid acidosis in 
children given naturally fermented foods containing D and 
DL-lactate which are produced during fermentation is 
required.
3. The potential of Lb. bavaricus in fermentation of 
weaning food or other L-lactate producing bacteria should 
be further explored.
4. Easy-to-use starter cultures for fermentation using 
L-lactate producing bacteria should be developed.
5. The impact of the availability of these starter 
culture to mothers on the incidence of diarrhoea should be 
investigated in community based trials.
6. The potential role of using fermented weaning food
as cereal-based ORT should be investigated.
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APPENDIXES
Appendix 1
Flow Chart for Unfermented Porridge
COOK RICE PORRIDGE 
(lOOg rice + 1 litre distilled water)
V
COOL TO 30°C
ADD DME (DIASTATIC MALT EXTRACT)
(1 ml/lOOg porridge)
ADD TESTED PATHOGEN 
(Over-night broth culture - 1 ml/lOOg porridge
(E.COLI/ S .TYPHIMURIUM / S.SONNEI)
(S. AUREUS/ B. CEREUS)
V
INCUBATE AT 30°C FOR 24 H
. V
SAMPLES PERIODICALLY 
(at 0,3,6,24 h)
(for viable cells count, pH, acidity)
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Appendix 2
Flow Chart for Fermented Porridge
COOK RICE PORRIDGE 
(lOOg rice + 1 litre distilled water)
V
COOL TO 30°C
v
ADD DME (DIASTATIC MALT EXTRACT)
(1 ml/lOOg porridge)
ADD TESTED LACTIC ACID BACTERIA 
(Over-night broth culture - 1 ml/lOOg porridge)
ADD TESTED PATHOGEN 
(Over-night broth culture - 1 ml/lOOg porridge)
V
INCUBATE AT 30°C FOR 24 H
SAMPLES PERIODICALLY 
(at 0,3,6,24 h)
(for viable cells count, pH, acidity) 
(D/L lactate)
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Appendix 3
Flov Chart for Prefermented Porridge
COOK RICE PORRIDGE 
(lOOg rice + 1 litre distilled water)
V
COOL TO 30 C
ADD DME (DIASTA1 'IC MALT EXTRACT)
(1 ml/lOOg porridge)
or
ADD RAGI 
(as required in the experiment)
ADD TESTED LACTIC ACID BACTERIA 
(Over-night broth culture - 1 ml/lOOg porridge)
V
INCUBATE AT 30°C FOR 24 H 
(FERMENTED)
ADD TESTED PATHOGEN
INCUBATE AT 30°C FOR 2k H
SAMPLES PERIODICALLY 
(at 0 ,1 ,2 ,3,A,5 , 6  & 2k h)
(for viable cells count, pH, acidity) 
(D/L lactate, ethanol, D-glucose)
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Appendix 4
Flow Chart for Experiment on Effect of Heating and pH 
in porridge, (refer to page: 149)
Add pathogen
COOK RICE PORRIDGE 
(divide into 3 portions)
ADD LACTIC ACID BACTERIA
ADD DME
INCUBATE AT 30°C FOR 24 H
(1)
Heated Heated
pH Adjusted to 6.5 
before adding pathogen
Control 
No heating 
No pH adjusted
INCUBATE AT 30UC FOR 24 H
V
(SAMPLE PERIODICALLY)
(for viable cells count, pH, % lactate)
cd
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Appendix 5
Principles of Enzyme Assay 
D/L - lactic acid
In the presence of D-lactate dehydrogenase (D-LDH), D- 
lactate acid (D-lactate) is oxidized by nicotinamide- 
adenine dinucleotide (NAD) to pyruvate. The oxidation of L- 
lactic acid requires the presence of the enzyme L-lactate 
dehydrogenase (L-LDH) (1),(2).
D-LDH
(1) D-lactate + NAD+ ^======^ pyruvate + NADH + H+
L-LDH
(2) L-lactate + NAD* ^======^ pyruvate + NADH + H+
The equilibrium of these reactions lies almost completely 
on the side of lactate. However, by trapping the pyruvate 
in a subsequent reaction catalyzed by the enzyme glutamate- 
pyruvate transaminase (GPT) in the presence of L-glutamate, 
the equilibrium can be displaced in favour of pyruvate and 
NADH (3).
GPT
(3) Pyruvate + L-glutamate ^======- L-alanine +
2 -oxoglutarate
The amount of NADH formed in the above reactions is 
stoichiometric with the amount of D-lactic and L-lactic 
acid, respectively. The increase in NADH is determined by 
means of its adsorbance at 334, 340 Or 365 nm.
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D-Glucose
D-Glucose is phosphorylated to glucose-6 -phosphate (G-6 -P) 
in the presence of the enzyme hexokinase (HK) and 
adenosine-5'-triphosphate (ATP) with the simulataneous 
formation of adenosine-5'-diphosphate (ADP) (1 ).
HK
(1) D-Glucose + A T P  > G-6 -P + ADP
In the presence of the enzyme glucose-6 -phosphate 
dehydrogenase (G6 P-DH), G-6 -P is oxidized by nicotinamide- 
adenine dinucleotide phosphate (NADP) to gluconate-6 - 
phosphate with the formation of reduced nicotinamide- 
adenine dinucleotide phosphate (NADPH) (2).
G6 P-DH
(2) G-6 -P + NADP* --------- ^ gluconate-6 -phosphate +
NAD PH + H*
The amount of NADPH formed in this reaction is 
stoichiometric with the amount od D-glucose. The increase 
in NADPH is measured by means of its absorbance at 334, 
340, 365 nm.
Ethanol
Ethanol is oxidized to acetaldehyde in the presence of the 
enzyme alcohol dehydrogenase (ADH) by nicotinamide-adenine 
dinucleotide (NAD)(1).
ADH
(1) Ethanol + NAD* ^=======^ acetaldehyde + NADH + H*
The equilibrium of this reaction lies on the side of 
ethanol and NAD. It can, however, be completely displaced 
to the right at alkaline conditions and by trapping of the 
acetaldehyde formed. Acetaldehyde is oxidized in the
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acetaldehyde formed. Acetaldehyde is oxidized m  the 
presence of aldehyde dehydrogenase (Al-DH) quantitatively
to acetic acid (2 ).
(2) Acetaldehyde + NAD+ + H20
Al-DH
^ acetic acid + NADH 
7  + H+
NADH is determined by means 
or 365 nm.
of its absorbance at 334, 340
Appendix 6
Analysis of rice porridge plus DME by DNS Assay,
Concentration of reducing sugars (maltose) in rice 
porridge.
Treatment/
Hour
Amount Maltose 
(ug/lOOul)
Percent Maltose 
(%)
Porridge only 
(nothing added)
37.20 0.93
Porridge + DME 
T = 0 hour
190.63 4.77
Porridge + DME 
T = 1 hour
265.83 6.65
Porridge + DME 
T = 3 hours
368.12 9.13
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Appendix 7
Formulation of Media Use for Enumeration of Moulds and 
Yeast.
MEC 15
Malt extract A g
Chloramphenicol 60 mg/ml
(dissolved in 70% IMS 60mg/ml) 
Agar No. 3 15-20 g/L
DRBC (Dichloran Rose Bengal Chloramphenicol Agar)
Glucose 10.0 g
Bacteria peptone 5.0 g
KH2 PO, 1.0 g
Mg S04 0.5 g
Agar 15.0 g
Water 1.0 liter
Rose Bengal 25.0 mg
Dichloran 2.0 mg
Chloramphenicol 60.0 mg
pH 5 . 6
DG 18 (Dichloran 18% Glycerol Agar)
Glucose 1 0 . 0 g
Peptone 5.0 g
kh2 PO,
Mg S04
1 . 0 g
0.5 g
A.R.Glycerol 2 2 0 . 0 g
Agar 15.0 g
Water 1 . 0 liter
Dichloran 2 . 0 mg
Chloramphenicol 60.0 mg
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Appendix g
Nisin Standard Curve
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Appendix 4
Result of Nisin Analysis by ELISA Method
1 2 7-, 4 r.r 6 * 7 8 9 1 0 1  1 1 2
A 0 . 0 4 5 0  „ 1 6 5 0 .  1 7 7 0  . 1 8 5 0 . 2 0 9 0 . 2 5 4 0  „ 2 9 3 0 . 3 1 4 0  „  3 7 1 0  . 4 4 2 0  . 4 4 4 0 .  4 8 0
B 0 . 0 2 7 0  . 1 1 7 0 .  1 3 5 0 . 1 3 8 0 .  1 7 7 0 . 2 0 0 0 . 2 3 0 0 . 2 4 4 0 . 3 0 1 0 . 3 3 4 0  . 4 1 8 0 .  4 3 4
C 0 . 0 2 7 0 . 0 9 2 0 . 0 9 2 0 . 1 2 1 0 .  1 9 7 0 . 1 5 7 0 . 2 0 6 0 . 2 9 7 0  „  4 5 7 0 . 5 3 5 0 . 6 1 2 0 . 6 9 0
D 0 . 0 6 3 0 . 1 1 2 0  „ 1 2 8 0 . 1 1 0 0 . 0 8 3 0  .  1 0 1 0 . 2 0 7 0 . 3 2 1 0 . 4 8 3 0 . 6 1 2 O  .  6 6 ‘3 0 . 7 0 5
E 0 . 0 7  1 0  „  1 0 9 0 . 0 8 8 0  . 1 0 6 0 .  1 2 8 0 .  1 5 5 0 . 2 7 6 0 . 3 4 1 0  „ 4 9 1 0 . 5 5 2 0 . 5 9 7 0 . 6 3 5
F 0 . 0 4 9 0 . 0 8 1 0  „ 0 4 8 0 .  0 8 2 0  . 1 1 3 0 .  1 4 2 0 . 2 1 6 0 . 2 8 9 0 . 4 6 5 0 .  5 1 0 0 . 5 5 1 O »  6 4 5
8 0  . 0 3 1 0  „ 0 5 2 0 . 0 5 8 0 . 0 9 4 0 .  1 0 4 0  „  1 5 3 0  . 2 0 1 0 . 2 9 3 0 . 4 6 7 0 . 5 3 2 0 . 5 5 5 0  . 6 0 6
H 0 . 0 3 0 0  „ 1 0 4 0 .  1 4 3 0 .  1 5 7 0 . 1 6 9 0 .  1 8 7 0  „ 2 1 4 0 . 3 5 1 0 . 4 7 3 0 . 5 0 9 0 . 6 3 2 0 . 5 8 6
Z e r o  v a l u e  
• Z e r o e d  o n  
C o m m o n t
O
n  i  s  i  n  c  o  n  c  e  n  t  r  a  t .  i  o  n  i  n  o  r  e  f
C u r r e n t  Iy  s  e  1  e c t . e d  r e a d e r  
C u r r e n t l y  s e l e c t e d  t e s t  f o r m a t
5 i i  u  1 1  i  s  k  a  n  r '  L  U  8  
s  P r A
1 7 rt 4 5 6 7 8 9 1 0 1 1 1 2
A 0 . 0 2 7 0 . 0 5 5 0 . 0 6 0 0 . 0 6 5 0 . 0 7 8 0 .  1 1 0 0 . 1 6 2 0 . 2 1 2 0  . 2 7 0 0 . 3 2 0 0 . 3 9 0 0 . 3 9 6
B 0 . 0 2 9 0 . 0 4 5 0 . 0 5 4 0 . 0 5 5 0 . 0 8 2 0 . 0 9 7 0 . 1 5 7 0 . 2 1 0 0 . 2 7 2 0 . 3 1 1 0 . 3 6 3 0 . 3 3 3
C 0 . 0 2 7 0 . 0 4 3 0  . 0 5 0 0 . 0 5 1 0 . 0 6 0 0 . 0 6 7 0 . 1 0 7 0 . 2 0 7 0 . 3 9 0 0 . 4 5 8 0 . 5 3 6 0  „  6 0 3
D 0 . 0 2 9 0 . 0 4 7 0 . 0 4 7 0 . 0 5 3 0 . 0 5 9 0 . 0 7 2 0 . 1  1 1 0 . 2 1 5 0 . 3 7 5 0 . 4 7 8 0 . 5 4 4 0 . 6 0 7
E 0 . 0 2 9 0 . 0 4 5 0 . 0 5 2 0 . 0 5 6 0 . 0 8 0 0 . 0 7 7 0 . . 1 . 5 0 0 . 2 0 7 0 . 3 7 7 0 . 4 6 1 0 . 5 1 5 0 . 5 8 7
F 0 . 0 2 9 0 . 0 4 5 0 . 0 4 6 0 . 0 5 1 0 . 0 6 8 0 . 0 7 0 0 . 1 2 4 0 .  1 9 5 0 . 3 6 5 0 . 4 6 3 0 . 5 2 9 0 . 5 7 5
G 0 . 0 3 2 0 . 0 4 3 0  . 0 4 4 0 . 0 4 7 0 . 0 5 3 0 . 0 6 1 0 . 1 0 3 0 . 2 1 2 0 . 3 6 8 0 , 4 6 5 0  . 5 2 7 0 . 5 6 9
F i 0 . 0 3 3 0 . 0 4 7 0 . 0 5 0 0 . 0 5 1 0 . 0 5 7 0 . 0 6 5 0 . 1 0 6 0 . 2 3 2 0 . 3 6 4 0 . 4 3 3 0 . 5 0 9 0 . 5 2 8
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Appendix i.O
Distribution of age, sex, weight and height of 
diarrhoea children.
child 
no.
age 
(yr mon)
sex 
M F
weight
(kg)
height
(cm)
1 0 5 M 6 . 2 60.0
2 1 3 M 8 . 0 73.6
3 2 4 M 1 0 . 0 8 6 . 0
4 1 1 M 8 . 0 70.0
5 2 3 M 14.0 85.0
6 4 9 F 14.0 103.0
7 0 9 F 6.4 69.0
8 0 2 M 2.9 49.0
9 0 1 0 M 6.5 72.0
1 0 0 9 M 7.8 6 8 . 0
1 1 0 4 F 6 . 1 62.0
1 2 1 0 F 7.1 70.0
13 3 2 F 15.0 97.0
14 1 4 M 1 0 . 0 79.0
15 1 0 M 9.4 74.0
16 2 1 0 F 9.5 84.0
17 0 6 M 5.3 64.0
18 0 9 M 7.5 6 8 . 0
19 2 5 M 1 2 . 0 89.0
2 0 0 7 F 7.3 67.0
2 1 0 7 M 6 . 8 69.0
2 2 1 7 F 8.3 79.0
23 0 2 M 3.6 55.0
24 3 2 F 13.0 8 8 . 0
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25 0 7 F
0
0 65.0
26 0 1 F 2 . 8 47 .0
27 0 1 1 M 8 . 8 72.0
28 0 2 M 3.4 53 .0
29 1 0 F 9.1 76.0
30 0 1 0 F 9.0 70.0
I
i  ;
i
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Appendix 11
Questionnaires for observational study in Malaysia.
Kajian permerhatian keatas penyakit cirit-birit di kalangan 
kanak-kanak dibawah umur 5 tahun di Hospital Besar, Kuala 
Lumpur, Malaysia.
(An observational study of diarrhoea disease among children 
under 5 years at General Hospital, Kuala Lumpur, Malaysia).
No. Responden :----
(Respondent No.)
Nama Responden :----
(Respondent's Name)
Nama Ibu/bapa/ : 
(Parent's Name)
Alamat rumah :------
(House address)----
No. Telefon :-----------
(Telephone No.)
Tarikh masuk ke wad :--
(Date of admission)
Tarikh keluar dari wad : 
(Date of discharge)
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A. LATAR BELAKANG KANAK-KANAK 
(CHILD'S BACKGROUND)
1. Nama :----------------------------------------
(Name)
2. Jantina :------------  1. Lelaki (Male)
(Sex)  -------------2. Perempuan (Female)
3. Umur :----------  Bulan (Months)
(Age)
4. Tarikh lahir :-----------------------
(Date of Birth)
5. Keturunan :--------------- 1. Melayu (Malay)
(Ethnic) --------------- 2. Cina (Chinese)
--------------- 3. India (Indians)
--------- ------4. Lain (Others)
6 . Berat Badan Semasa Lahir :------------ L B ----------- OZ
(Birth Weight) ----------- KG
7. Pelalian Tarikh Umur
(Immunization) (Date) (Age)
BCG -------------------------------------
DPT -------------------------------------
POLIO-------- -------------------------------------
DT -----------------------------------------
Booster 1 -------------------------------------
Booster 2 -------------------------------------
Measles -------------------------------------
Smallpox----- -- --------------------------------- -
Hepatitis B -------------------------------------
Lain-lain -------------------------------------
(Others)
8 . Sebab di masuk ke wad :---------- - ---------------- -------
(Reasons for admission) ----------------------------------
B. LATAR BELAKANG IBU/BAPA 
(PARENT'S BACKGROUND)
1. Umur (Age):
Ibu :------------- Tahun
(Mother) (Years)
Bapa :------------ Tahun
(Father) (Years)
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2. Taraf pendidikan :
(Education)
Ibu (Mother) Bapa (Father)
-----------  ------------  1 . Tidak bersekolah
(No schooling)
-----------  ------------  2. Sekolah rendah
(Primary school)
-----------  ------------  3. Sekolah menengah
rendah/SRP 
(Lower secondary)
-----------  ----------- - 4. Sekolah menengah
atas SPM/STP 
(Upper secondary 
0/A level)
-----------  ------------  5. Kolej/Universiti
(College/University)
3. Pekerjaaan Ibu/bapa:
(Parent's Occupation)
Ibu (Mother)------------------------------
Bapa (Father) ----------------------
4. Pendapatan sebulan:
(Income per month)
Ibu (Mother) M $ -----------------------
Bapa (Father) M $------------------------
5. Bilangan ahli dalam keluarga: ---------------- orang
(No. of family members) (persons)
6 . Bilangan anak : ---------------------  orang (persons)
(Number of children)
7. Bilangan anak yang mati selepas di lahirkan: -----------
(Number of children died after birth)
Umur semasa mati Sebab Kematian
(Age died) (Reason for death)
8 . Anak yang di kaji adalah anak yang ke berapa: 
(The position of studied child in the family)
No. --------------------------------
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C. AMALAN PEMAKANAN KANAK-KANAK 
(NUTRITONAL PRACTICES)
Adakah anak puan minum susu 
(Did your child drink milk?)
1. Ya (Yes)
2. Tidak (No)
2 . Jenis susu:
(Types of milk)
---------  1 . susu ibu (breast feeding)
---------  2 . susu botol (bottle feeding)
-------   3. campur (mixed feeding)
3. Pernahkah memberi penyusuan ibu?
(Did your child receive breast milk)
- - - - - - -  1 . y a  (Yes)
---------  2. Tidak (No)
---------- 3 . Masih menyusu (still breast feeding)
4. Bilakah puan mula menyusu anak ini dengan penyusuan ibu?
(When did you breastfeed this child?)
---------  1. Hari pertama bayi dilahirkan
(First day after birth)
---------- 2. 2-4 hari setelah bayi di lahirkan
(2-4 days after birth)
---------- 3. Lain-lain (nyatakan)---------------------------
(Others - state)
5. Sebab penyusuan ibu menjadi pilihan puan?
(Why breastfeeding is your choice?)
---------- 1 . Nasihat doktor
(Doctor's advise)
--------   2. Nasihat dari kakitangan hospital
(Hospital staff advise)
- 3. Nasihat dari kawan
(Friend’s advise)
---------- 4. Nasihat dari keluarga
(Families advise)
---------- 5. Lain-lain (nyatakan) --------------------------
(Others - state)
6 . Bilakah puan mencampur susu ibu dengan susu botol?
(When did you mixed breastfeeding with bottle feeding?)
Umur bayi -------------------- hari/bulan
(Age of child) (Days/months)
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7. Sebab puan mencampur susu ibu dengan susu botol? 
(Reasons for bottle feeding)
-  i. Susu ibu tidak mencukupi
(Not enough breast milk)
 ■-------- 2 . Ikut nasihat orang tua
(Follow older family advise)
---------   3 . ikut nasihat dari kawan
(Follow friend's advise)
----------- 4 . Ibu bekerj a
(Mother's working)
----------- 5. Lain-lain (nyatakan)----------- --------
(Others - state)
8 . Jenis susu botol yang di berikan:
(Types of bottle milk given)
1 . Susu formula bayi
(Baby formula)
2 . Susu tepung
(Powdered milk)
3. Susu pekat manis
(Sweetened condensed milk)
4. Susu cair
(Evaporated milk)
5 . Susu segar
(Fresh milk)
6 . Lain-lain (nyatakan) 
(Others - state)
9. Berapa kerap puan memberi susu dalam sehari?
(How often do you feed your child)
----------- 1 . 1-3 kali (1-3 times)
 -------   2. 4-6 kali (4-6 times)
 ------ 3. lebih daripada 6  kali (More than 6  times)
----------  4. Tidak tentu (No fixed times)
D. PEMBERIAN MAKANAN TAMBAHAN 
(SUPPLEMENT FEEDING)
1. Adakah anak puan di beri makanan tambahan? 
(Did your child receive supplement food)
  1 . ya (Yes)
  2. Tidak (No)
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2. Bilakah puan mula memberi makanan tambahan pada anak 
puan?
(When did your child first received supplement food)
Umur anak ----------------------  bulan selepas lahir.
(Age of child) (months after birth)
3 . Jenis makanan tambahan yang diberi kepada anak puan?
(What are the types of supplement foods given)
--------- 1. Makanan bijirin yang diproses
(Processed cereals)
-------- 2. Bubur nasi
(Rice porridge)
-------- 3. Bubur nasi + sayur
(Rice porridge + vegetables)
--------  4. Bubur nasi + daging
(Rice porridge + meat)
-------   5. Bubur nasi + sayur + daging
(Rice porridge + vegetables + meat)
 ------- 6 . Nasi lembik
(Soft rice)
.---------7 . Biskut
(Biscuits)
--------  8 . Buah-buahan
(Fruits)
---------9. Telur •
(Eggs)
 --- 1 0 . Lain-lain (nyatakan)------------------------
(Others - state)
4. Berapa kali makanan tambahan di beri dalam sehari?
(How many times supplement foods is given in a day)
--------- 1 . 1 - 2  kali (1 - 2  times)
--------- 2. 3-4 kali (3-4 times)
--------  3. lebih dari 5 kali (more than 5 times)
5. Berapa banyak setiap kali makanan tambahan di beri?
(How much supplement foods is given each time)
-------------  Sudu besar (Tablespoon)
6 . Bagaimana makanan ini disediakan:
(How did you prepare the food?)
------  1. Dimasak sedikit-sedikit mengikut keperluan
(Cooked as required)
------  2. Dimasak banyak sekaligus dan simpan hingga satu
hari
(Cooked for a day requirement and stored)
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------  3. Dimasak banyak sekaligus dan simpan hingga 2-4
hari
(Cooked for 2-4 days requirement and stored)
   4. Lain-lain (nyatakan)-------------
(Others - state)
7. Siapakah yang selalu memberi anak ini makan?
(Who feed the child?)
-------  1 . ibu
(mother)
------  2 . nenek
(grandmother)
------  3 . bapa
(father)
------  4. kakak
(sister)
8 . Sekarang anak ini sudah bolih makan makanan keluarga? 
(Could this child eat family foods ?)
 -------1. Ya  2. Tidak
(Yes) (No)
E. LATARBELAKANG KE SI HAT AN KANAK-KANAK 
(CHILD HEALTH HISTORY)
1. Adakah anak ini mendapat penyakit yang berikut dalam 
masa 30 hari yang lepas?
(Has this child contacted the following diseases in the 
last 30 days?)
Jenis Penyakit Ya/Tidak Lama sakit
Kekerapan sakit
(Types of diseases) (Yes/No) (Duration)
(Frequency)
1. Selsema — --------   •-------  -------
(Flu)
2. Cirit-birit ----------  -----------  -------
(Diarrhoea)
3. Batuk    ;- -----
(Cough)
4. Sakit telinga ----------  -----------  -------
(Ear infection)
5. Demam------------- ----------- -----------  -------
(Fever)
6 . Lelah------------- ----------  -----------  -------
(Asthma)
7. Lain-lain-------------------  -----------  -------
(nyatakan)-----------------------------------------------
(Others - state)
5. pembantu rumah 
(mother's helper)
6 . abang
(brother)
7. lain-lain (nyatakan)
(others - state)
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2. Pernahkah anak ini dibawa ke hospital untuk mendapat 
rawatan kerana sakit dalam masa 30 hari yang lepas?
(Did you take this child to hospital to get treatment 
for his sickness in the last 30 days?)
— ---------- 1 . Ya (Yes) ------------------ 2. Tidak (No)
3. Jika Ya, apakah sebabnya:
(If yes, give reasons)
4. Dimana mendapat rawatan:
(Where did you go for the treatment)
----------  1. hospital kerajaan (Government hospital)
----------  2. klinik persendirian (Private hospital)
----------  3 . dukun (Medicine man)
------- ---4. lain-lain (nyatakan)---------------------
(Others - state)
F. AMALAN PEMAKANAN SEMASA ANAK MENDAPAT CIRIT-BIRIT 
(FEEDING PRACTICES DURING DIARRHOEA)
1. Adakah penyusuan ibu/susu botol diteruskan?
(Did you continue breastfeeding/bottle feeding?)
--------- 1 . Ya (Yes) ----------- '—  2. Tidak (No)
2. Adakah penyusuan ibu/susu botol dikurangkan?
(Did you give less breastfeeding/bottle feeding?)
-------- 1. Ya (Yes)  2. Tidak (No)
3. Adakah penyusuan ibu/susu botol diberhentikan? 
(Did you stop breastfeeding/bottle feeding?)
   i. Ya (Yes)    2. Tidak (No)
4. Adakah pemberian air minum/susu dikurangkan?
(Did you give less drink/milk?)
-------- 1 . ya (Yes) ---------------- 2. Tidak (No)
5. Adakah pemberian makanan dikurangkan?
(Did you give less food?)
-------- 1 . Ya (Yes)  2. Tidak (No)
Jika ya, mengapa? -----------------------------------
(If yes, why?-----------------------------------------
Berapa lama :-- 
(For how long?)
hari 
(Days)
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6 . Apakah makanan yang dilarang memberinya : 
(What are the food prohibited)
1. Semasa cirit-birit:--------------------
(During diarrhoea)
2. Selepas cirit-birit:-------------------
(After diarrhoea)
7. Apakah makanan yang disyorkan diberi: 
(What are the food recommended)
1. Semasa cirit-birit:-----------------
(During diarrhoea)
2. Bilakah makanan ini diberikan:-----
(When did this food is given)
3. Berapa banyak makanan ini diberikan: 
(How much this food is given)
4. Bagaimanakah makanan ini disediakan:-
(How did you prepare this food)
8 . Apakah jenis makanan dan kaedah pemberian makanan yang 
dinasihat olih kakitangan hospital, termasuk doktor.
(What are the food and method of feeding recommended by 
the hospital staff, including doctors)
1. Jenis makanan: -----------------------------------------
(Types of food)
2. Kaedah pemberian:------------------------------------ -
(Method of feeding)
9. Adakah cara rawatan tradisional lain yang puan gunakan: 
(What are other traditional methods practiced)
------------  1 . beri air teh berempah
(give spicy tea)
- 2 . beri air akar kayu
(give herbal drink)
- 3. beri air beras
(give rice water)
- 4 . beri air kelapa
(give coconut water)
------------  5. lain-lain (nyatakan)------------------------
(others - state)
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10. Pada pendapat puan, makanan apakah yang dipercayai 
bolih menyebabkan cirit-birit?
(In your opinion, what are the types of food that are 
believed to cause diarrhoea?)
Jenis makanan Sebab
(Types of food) (Reasons)
11. Pada pendapat puan, apakah sebab-sebab lain yang 
menyebabkan cirit-birit?
(In your opinion, what causes diarrhoea?)
Sebab-sebab:-------------------------------------------------
(Reasons)----------------------------------------------------
G. AMALAN KEBERSIHAN 
(HEALTH PRACTICES)
Ya Tidak
(Yes) (No)
1. Membasuh tangan sebelum mula memasak?------------ -----
(Do you wash your hands before cooking?)
2. Membasuh tangan sebelum beri anak makan? ------ -----
(Do you wash your hands before feeding?)
3. Membasuh tangan selepas pergi ketandas? ------ -----
(Do you wash your hands after going to the toilet?)
4. Membersih dan merebus botol susu dan
alatan lain?-------------------------------- ------  -----
(Do you clean and boil feeding bottles?)
5. Menggunakan air masak untuk menyediakan
susu dan makanan lain.----------------------------  -----
(Do you use boiled water to prepare food and milk?)
6 . Menyimpan makanan dalam peti sejuk.-------- ------  -----
(Do you keep food in a refrigerator?)
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H. KEADAAN RUMAH DAN SANITASI PERSEKITARAN 
(HOUSE CONDITIONS AND ENVIRONMENTAL SANITATION)
I. Jenis rumah:
(Types of house)
----------  1. rumah batu sesebuah
(Bungalow house)
----------  2. rumah batu teres dua tingkat
(Terrace house 2 storey)
----------  3. rumah batu teres satu tingkat
(Terrace house single storey)
----------  4. rumah kayu/batu
(Wooden/brick house)
----------  5. rumah kayu
(Wooden house)
2. Jenis tandas:
(Types of latrines)
----------  1. Pam
(Flushed)
----------  2. Curah
(Poured)
---------- 3. Buke t/Angku t
(Bucket/carried)
----------  4. Lubang
(Dugged hole)
----------  5. Lain-lain
(Others - state)-------------------------------
3. Adakah tandas sendiri atau berkongsi dengan rumah lain? 
(Do this latrine are owned or shared with other houses?)
----------  1. sendiri
(owned)
----------  2. kongsi
(shared)
4. Sumber air minum dan untuk memasak:
(Source of water for drinking and cooking)
- 1 . air paip dalam rumah
(piped water in the house)
----------  2. air paip diluar rumah
(piped water outside the house)
----------  3. paip umum ditepi jalan
(public pipe by the road side)
— --------- 4. perigi persendirian
(personal dugged well)
- 5 . perigi umum
(piblic well)
  6. Lain-lain (nyatakan) ------------
(Others - state)
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Sumber lampu rumah;
(Source of electricity)
------ 1 . Tenaga Nasional
(National Electricity)
------ 2. Kerosin
(Kerosine)
------ 3. Generator
(Generator)
------ 4. Lain-lain (nyatakan) --
(Others - state)
Pembuangan sampah:
(Garbage disposal)
------ 1. Bakar
(Burnt)
------ 2. Tanam
(Buried)
------ 3. Biar busuk
(Let rotten)
------ 4. Diangkut olih kerajaan
(Disposed by the council)
------  5. Lain-lain (nyatakan) -----
(Others - state)
Sumber tenaga untuk masak:
(Source of energy for cooking)
------  1. Elektrik
(Electricity)
------  2. Gas
(Gas)
------  3. Kerosin
(Kerosine)
------  4. kayu
(Wood)
-----• - 5. Lain-lain (nyatakan)-----
(Others - state)
I. UKURAN ANTROPOMETRI
(ANTHROPOMETRIC MEASUREMENTS)
Tarikh: ------------------
(Date)
1. Berat badan: (kg)-------------------------
(Body Weight - kg)------------------------
2. Tinggi: (sm) ---------------------
(Height - cm)---------------------
3. Lilitan lengan kiri:(sm) 4. Ketebalan kulit: (mm)
(Arm circumference - cm) (Skin thickness - mm)
J. ANALISIS SAMPEL NAJIS 
(STOOL SAMPLE ANALYSIS)
1. Jenis bakteria: --------
(Type of bacteria)--------
K. ANALISIS SAMPEL MAKANAN 
(FOOD SAMPLE ANALYSIS)
1. Jenis makanan: ------------------------------------------
(Type of food)
2. Kepekatan kandungan bakteria:   Log cfu/g
(Concentration of bacteria)
3. Jenis bakteria: ------------------------------ - --------
(Type of bacteria)
LAIN-LAIN:- 
(OTHERS)--
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ABSTRACT
Using a rice-based model weaning food, the effect of Lactococcus lactis on the growth and 
survival of a range of enteric pathogens has been investigated. The starter organism used 
produces the bacteriocin nisin and the physiological L-lactate isomer, thus avoiding the risk 
of D-lactate acidosis when consumed by infants. Lc. lactis was a less effective antagonist 
than stronger acid producers such as the DL lactate producer, Lactobacillus plantarum and 
only produced a potentially useful inhibition of pathogens when present in a large numerical 
superiority (> 1 0 5:1). Pre-fermentation of the weaning food with Lc. lactis for 24 h 
produced a product with a pH of 3.7-3.8 containing ~  0.25% lactate (>96%  L-lactate). 
The pre-fermented product was bactericidal for pathogens introduced subsequently. Despite 
the production of 100-150 i.u. nisin/g during fermentation the inhibition of pathogens could 
be ascribed to acid production alone.
Weanling diarrhoea is recognised as a major cause of infant morbidity and mortality in 
developing countries. Precise data on the extent to which this is foodborne are not available 
and published figures, which estimate that between 15 and 70% of all diarrhoea episodes in 
young children are food associated, reflect this uncertainty (9).
Most of the pathogens implicated in weanling diarrhoea are those spread by the faecal- 
oral route such as enterotoxigenic and enteropathogenic Escherichia coli. Campylobacter 
jejuni. Shigella and rotavirus (5,7). Foods used to replace or supplement maternal breast 
milk at weaning are a potential source of such organisms and a number of studies have 
demonstrated the presence of enteric indicator bacteria and pathogens in weaning foods 
(4,6,8,14,15,21).
Lactic acid fermentation has attracted interest as a simple technique which can inhibit 
pathogens and improve safety in weaning foods. Using both prefermented model weaning 
foods and traditional fermented products, significant lethal effects on a range’of enteric 
bacterial pathogens have been demonstrated (18,19,20,22,23,24), although rotavirus is 
markedly less sensitive (27).
The principal lactic bacteria involved in cereal fermentations produce a mixture of D- 
and L-lactate isomers. For example, studies on traditional African products have reported 
Lactobacillus fermentum. L. brevis, and L. plantarum as major components of the microflora 
(1,2) and in one fermented weaning food D-lactate comprised 42% of the total acidity (22). 
D-lactate is a non-physiological isomer in mammals and is poorly metabolised (13). 
Excessive consumption of D-lactate or over-production in vivo as a result of gut dysfunction 
can result in D-lactate acidosis (3,12,17,26). As a result, the World Health Organisation has 
recommended that neither D- nor DL-lactic acid should be added to food for very young 
infants and that, for adults, an acceptable daily intake of D-lactate is lOOmg/kg body weight
(11). Although it is clear that fermented weaning foods should contain only L-lactate, this 
problem has not yet been addressed.
Here we report a study into the use of L-lactate producing bacteria to ferment 
weaning foods and the possible role of bacteriocins in pathogen inhibition.
MATERIALS AND METHODS
Bacteria
Escherichia coli ATCC 25922, Salmonella tvphimurium USCC 305, Shigella sonnei 
USCC 2006, Staphylococcus aureus ATCC 25923, Lactococcus lactis NCIB 497, and 
Lactobacillus plantarum were provided by the Microbiology Department Culture Collection. 
Lactobacillus salivarius USCC 2253, Lactobacillus alimentarius ATCC 29643, Lactobacillus 
bavaricus DSM 20269 and Lactobacillus casei subsp. casei ATCC 393 were obtained from 
the National Collection of Food Bacteria, Reading, UK.
Stock cultures of pathogens were maintained on nutrient agar (Oxoid) slopes incubated 
at 37°C for 2 days and stored at 4°C with weekly subculturing. Lactic acid bacteria were 
maintained under similar conditions after growing for 2 days at 30°C on MRS agar (Oxoid) 
under micro-aerophilic conditions.
For experiments, a single colony from a fresh streak dilution plate on the appropriate 
growth medium was inoculated into the corresponding broth medium and incubated for 18-22 
h. at 37°C (pathogens) or 30°C (lactic acid bacteria) to reach late exponential phase. These 
cultures were inoculated into the model weaning food after decimal serial dilution in 
Maximum Recovery Diluent (MRD) (Oxoid) according to the experimental requirement at 
a level of 1ml in lOOg weaning food.
Nisin, when added, was the comercial preparation Nisaplin (Aplin & Barrett,
Beaminster, UK).
Preparation of model weaning food
Rice (lOOg) (American Long Grain, Sainsbury) was cooked with stirring in 1 litre of 
distilled water for 40 minutes to produce a viscous porridge. The highest temperature 
reached during cooking was 98°C. The hot product (lOOg portions) was dispensed into 
sterile beakers and covered with sterilised aluminium foil and allowed to cool to 30°C. 
Diastatic malt extract (Diamalt 400L, British Diamalt) diluted with an equal volume of sterile 
distilled water was added to the porridge at a level of 1 %.
The resulting product was inoculated with bacteria from broth cultures (see above) 
to give the level required for that particular experiment (as indicated in the Results section) 
and incubated at 30°C for 24 to 30 hours in a hot-water bath with periodic sampling.
Pre-fermented weaning food was made by inoculating the freshly prepared product 
with Lc. lactis to give an initial level of 106/g and incubating at 30°C for 24 h.
All trials were performed a minimum of two times.
Bacterial enumeration
Sample (lOg) was mixed with MRD (90 ml) and homogenized for 1 minute in a 
Colworth Stomacher 400. A decimal dilution series was prepared using MRD. E. coli.
S.tvphimurium. and Shigella sonnei were enumerated by spreading dilutions on to tryptone 
soya agar (Oxoid) followed after 1 h by an overlay of violet red bile glucose agar (Oxoid). 
The plates were incubated at 37°C for 24 hours. Staph.aureus were enumerated as spread 
plates on Baird-Parker agar (Oxoid) incubated at 37°C for 24 to 48 hours. Lactic acid 
bacteria were enumerated as spread-plates on MRS agar incubated under microaerophilic 
conditions in a gas jar at 30°C for 48 hours.
Chemical analyses
Sample pH was measured on a 10% slurry in distilled water using a pH meter with 
combination electrode (PTI-55, Aqua Scientific).
Total acidity was determined by titration of 5g of sample mixed with 50ml of distilled 
water against 0.1M NaOH to an end point of pH 8.5, while stirring continuously.
D- and L-lactate were measured using an enzyme assay (Boehringer, Mannheim). 
Fermented weaning food (5g) in 10ml of hot water tube was heated in a boiling water bath 
for 10 minutes, made up to a volume of 50ml, mixed and filtered through a Whatman no. 
1 filter paper. The clear filtrate was used for the assay according to the manufacturer’s 
instructions.
For the determination of nisin content, samples of weaning food (5g ±  O.lg) were 
weighed out and dispersed evenly in 5ml of 0.02M HC1. The pH was adjusted to 2.0 ±  0.01 
and the sample was heated at 98°C for 10 minutes. After cooling to 20°C, the sample was 
centrifuged for 15 minutes at 4000 x g. The supernatant was removed after standing for 30 
minutes. The nisin content of the extract was determined using the ELISA protocol and 
reagents of Falahee et al(lO). Samples were assayed in triplicate using a calibration curve 
prepared at the same time on the same microtitre plate.
RESULTS
Five L-lactate producing species gave similar acidity (0.20-0.28%) and pH values (3.44-3.71) 
in the model weaning food over 24 h fermentation at 30°C. In this respect they were inferior 
to the DL-lactate producer Lactobacillus plantarum which was also non-amylolytic but 
produced 0.41% acidity and a pH of 3.35 under the same conditions (Table 1). Among the
L-lactate producers, Lactococcus lactis gave the most rapid pH decrease over the first 8 
hours of fermentation and was a known nisin-producing strain.
When Lc. lactis and an enteric pathogen (E. coli. Salmonella tvphimurium. Shigella 
sonnei. or Staphylococcus aureus) were inoculated simultaneously into weaning food at the 
same concentration (102 cfu/g), inhibition of the pathogen was slight. In the presence of 
Lactococcus. the E. coli population after 9 hours was more than 107 cfu/ml, only 0.6 log 
cycles lower than the control.
Inhibition of E. coli growth increased as the inoculum ratio of Lactococcus to E. coli 
increased (Fig. 1). Reduction in the stationary phase population of E.coli by more than 1 
log cycle occurred only when the inoculum level of Lc. lactis exceeded E. coli by a factor 
of more than 103. When the inoculum ratio was 105:1, E. coli still grew for 5 hours, its 
numbers increasing by almost 2 log cycles. For each inoculum ratio tried, no appreciable 
slowing of growth was apparent until the pH of the weaning food had dropped below 5.0.
Similar results were obtained with other pathogens (Shigella sonnei. Salmonella 
tvphimurium or Staphylococcus aureus) (Fig. 2); an inoculum ratio of Lc. lactis to pathogen 
of 104:1 decreasing the pathogen stationary phase population by between 2 and 4 log cycles.
By comparison, the stronger acid producer Lb. plantarum was more effective; with 
an inoculum ratio of 105, E.coli growth stopped after only 3 h and numbers fell after 6 h 
(data not shown). The lactate produced by Lb. plantarum was however an almost equimolar 
mixture of D- and L-isomers compared with >96% L-lactate produced by Lc. lactis.
Pathogens were unable to grow when added to weaning food which had been pre­
fermented with Lc. lactis for 24 h. Surviving numbers decreased over a subsequent 24 h 
storage at 30°C to below detectable levels (<  102 cfu/g) in the cases of the Gram negative 
pathogens (Fig.3). The Gram positive S. aureus was still detectable, although this may
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reflect the higher inoculum level used.
Pre-fermented weaning food had a pH of 3.7-3.8, a titratable acidity of 0.23-0.27% 
(96% L-lactate), and contained 103-150 i.u. nisin/g. Addition of the same quantity of lactic 
acid to an unfermented weaning food prior to addition of the pathogens, produced a similar 
decline in pathogen numbers. Simultaneous addition of nisin, at a level (110 i.u./g) similar 
to that found in the prefermented weaning food, and lactic acid to the unfermented product 
did not increase the unfermented product’s lethality toward any of the pathogens tested 
(results for S. aureus shown in Fig.4). In separate experiments, nisin was shown to have no 
effect on the Gram negative pathogens used and its minimum inhibitory concentration for the 
Staph, aureus strain used was shown to be 300 i.u./ml.
Pre-fermented weaning food could be used as an inoculum for subsequent batches. 
Using an inoculum level of 10% and daily transfers under non-aseptic conditions, a 
reproducible fermentation was achieved throughout an 11 day trial period producing a 
consistent product with a pH of 3.6-3.8, total acidity levels of 0.24-0.27%, and Lc. lactis 
levels in excess of 108 cfu/g. No yeast contamination was evident.
DISCUSSION
A number of factors have been identified as potential contributors to the antibacterial activity 
of lactic acid bacteria (16). The results reported here indicate that the observed inhibition 
can be attributed solely to lactic acid production. The effect could be reproduced by addition 
of lactic acid to unfermented weaning food and a stronger acid producer such as U  
plantarum was a more effective inhibitor.
There was no evidence of appreciable pathogen inhibition by Lactococcus lactis when 
the two organisms were present at the same low level. Inhibition only occurred under 
conditions when the Lc. lactis was ab)e to reach numbers capable of affecting the pH while
A
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pathogen numbers were still relatively low.
Although there has been considerable interest recently in bacteriocins from lactic acid 
bacteria, only nisin is approved by regulatory authorities and widely used commercially. It 
differs from many bacteriocins in having a wider spectrum of activity and is bactericidal to 
many Gram positive bacteria. More recently it has been shown to be effective against Gram 
negative bacteria when used in conjunction with a chelating agent (25). Significant 
concentrations of nisin accumulated during fermentation with Lc. lactis but did not have any 
detectable effect on the pathogens tested. Nisin levels were below the measured MIC for SL 
aureus and there was no evidence of any contribution from nisin to overall pathogen 
inhibition. Lactic acid bacteria are also sensitive to nisin and its production may help 
maintain the dominance of the added L-lactate producing starter under non-aseptic conditions.
Prefermentation with an L-lactate producer provides useful protection against the 
bacterial pathogens tested and, unlike natural fermentations, produces a product acceptable 
to regulatory authorities. Successful application of this technique in developing countries 
could pose problems, although the fermentation appears stable and reproducible over an 
extended period. The evidence presented here suggests that further trials are warranted to 
test the feasibility of this under field conditions.
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Legends to figures
Figure 1. Growth of E. coli at 30°C in model weaning food in co-culture with Lactococcus 
lactis (counts not shown). Inoculum level of Lc. lactis: lC^cfu/g, 1050 cfu/g,
1055cfu/g, 1062cfu/g, 1065cfu/g, 1072cfu/g.
Figure 2. Pathogen growth in model weaning food alone and in co-culture with Lactococcus 
lactis. Shigella sonnei alone; with Lc. lactis (105 8 cfu/g). Salmonella
tvphimurium alone; with Lc. lactis (106-5 cfu/g). Staphylococcus aureus
alone; with Lc. lactis (106 0 cfu/g).
Figure 3. Effect of pre-fermentation for 24 h at 30°C with Lactococcus lactis on pathogen
levels in weaning food held at 30°C. E. coli: Shigella sonnei: Salmonella
tvphimurium: Staphylococcus aureus.
Figure 4. Growth and survival of Staphylococcus aureus in unfermented weaning food (
); unfermented weaning food containing lactic acid (0.25%) ( ); unfermented weaning food
containing lactic acid (0.25%) and nisin (150 i.u./g) ( ).
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